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pRYTHRnpoiETiN ANAi.nn co MPOsmoNS and methods 

nus appUcation is a continuation-in-part of copending United States Patent Application 
Serial No. 08/055,076, filed on April 29, 1993. 

J^hnical Field 

The present invention relates to analogs of human erythropoietin, a glycoprotein known 
to be useful in inducing erythropoiesis and in treating conditions, such as anemia, which arc 
due to low aythrocyte or reticulocyte count The invention also relates to methods and 
compositions for making the analogs and methods of using the analogs to induce 
erythropoiesis and treat conditions, such as anemia, which result from inadequate erythrocyte 
or reticulocyte count 

pnr|i ;pround Q fThe. Invention 

Bythropoietin is a natuiaUy-occurring glycoprotein hormone with a molecular weight 
that was first reported to be approximately 39.000 daltons (T. Miyaki el ai^ J. Biol. Chan. 
252:5558-5564 (1977)). The mature hormone is 166 annino acids long and the "prepro" form 
of the homwiic. with its kjute peptide, is 193 amino acids long (F/^^ 
4,703j008). m mature hormone has a molecular weight, calculated from its amino acid 
s^uwce. of 18399 diltons (K. Jacobs et al.. Nature 313:806-810 (1985); J.K. Browne et 
al., Cold Spring Harbor Symp. Quant. Biol. 51:693-702 (1986)). 

Structural characterization of human urinary erythropoietin has identified a des-Aigl66 

form thatrcsults from specific removal of the Arg residue at the carboxy-teiiniinis of the mature 

proteiri (MA Rccny «rfl/..7.Bto/. Cton. 262:17156-17163 (1987))/^^^ 

propose that the physiologically active form of erythropoietin cnculating in human plasma is 

tbedes-Aigl66fdna 

Hmiian etydiropoietin contains tinw N-liiM carbohydrate cham^ 

Biol Chem. 262:12059-12076 (1987); E. Tsuda et al.. Biochemistry 27:5646-5654 (1988); 

and M. Takeuchi« al^ J. Biol. Chem. 263:3657-3663 (1 988)). The carbohydrate content 

of erythropoietin is similar in both naturally-occurring urinary erythropoietin and in hormone 

produced by expression, in mammaHan cells in culture, of a cloned DNA which has been 

transf ccted into the cells and which encodes the prepro form of the hormone. TTie N-linked 

glycosylation sites arc located at amino acid residues 24, 38. and 83. Both urinary and 

recombinant erythropoietin also contain a single O-Bnked glycosylation site at amitio arid 

leadue 126 (H. Sasaki et al., supra; E Tsuda et al^ suproi M. Takenchi et ai, supra ; and M. 

Goto e/fl/nil«»tec/inoto«y 6:67-71 (1988)). TTie carbohydrate coritent of erythropdetin is a 
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complex fucosylated tetia antennaiy type chain with and without N-acetyllaaoscamine 
repeating units (M. Takeuchi et a/., supra) and contributes approximately 40% of the mass of 
erythropoietin. 

Human erythropoietin is primarily produced as a glycoprotdn hormone by Ae adult 
kidney (H.P. Koeffler and E. Goldwasser. Ann. Intern. Med. 97:44-47 (1981)). Tlie cells 
that produce erythropoietiii in the kidney arc rare and arc located in the inner cortex of the renal 
parenchyma in the intcrsticium between renal tubules (ST. Koury er a/., B/ood 71 :524-528 

(1988), and C Lacombe et al.,J. Clin. Invest. 81:620-623 (1988)). Consequenfly, 
destruction of kidney tissue, as occurs in renal failure, results in decreased production of 
erythropwetin and a conconiitant reduction in cryUirocyte count and anemia. 

While fetal liver cells in vitro can produce erythropoietin (A. Kurtz et al.. 
Endocrinology 1 18:567-572 (1986)). no compensating erythropoietin production occurs in 
most end-stage renal failure patients, and seavm eiytiiropoietin levels are normally restored 
only after successful renal uansplanution (W.F. Denny et al., J. Lab. Clin. Med. 67:386 
(1966)). 

Late stage eryduopdeds, in most cases, is accomplished by a single glycosylated 
hormone, erythropoietin, produced in a single tissue. A rare atenaie route of eiytiuopoiesis 
has been documemed in a hmrm anephifc patient with a high hematocrit The iM^ 
CTytoonopic fector in tins patient has been shown to be human insulin-like growth factor I. or 
IGF-I (A. Brox et al., Exp. Hematol. 17:769-773 (1989), and L.F. Congote et alj. Clin. 
Endocrin Metab. 72:727-729). IGF-1 is undoubtedly tiuj human counterpart of the bovine 
eaytiirotropic fector described as having botii in vivo and in vitro activity by LP. Congote 
{Biochem. Biophys. Res. Comm. 1 15:477-483 (1983)). IGF-I leceptnre are known to exist 
on human eiytiirbcytBS, and these receptors could aUow this rare ahematc route of late ^ 
eiythropoiesis to occur via interaction of IGF-I and its specific recqttor CT. karai 
Clin. EadocrinoL Metab. 62:1206-1212 (1986). and CD. Costigan etal., Clin. Iitmt. Med. 
1 1:4751 (1988)). However, tite nndeotide sequence of ti» eiytim)poietin recq>tor gene is 
known and shows no sequoice homology to that of die hurtan lOF-I receptor (AD. D'Andrea 
et al., CeU 57:277-285 (1989)), indicating tiiat the alternate route of oythropoiesis via IGF-I is 
uraetated to tiie eiythiopoietin-mediated patiiway of late stage erytiffopoieas. 

While no otiier altcntate routes of late stage erytiiropoieas are known, several factors 
have beeai desoibed tiiat can potentiate die action of eiytiiropoietin. Late stage aytiiropoieas is 
dependent on ctytiuopoietin but is influenced by testosterone, estrogens, and erythioid- 
potcntiating factor, while tiie eariy stage of crytiiropoiesis is dq)endent on burst-promoting 
activity in addition to erytiiropoictin (N J»J. Iscove in Hematopoietic Cdl Differentiation, eds. 
D.W. Golde, MJ; Cainc and CF. Fox (Academic Press, New York] pp. 37-52). Factors 
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such as IL-3, granulocyte macrophage colony-stimulating factor and interieukin-9 are known to 
have burst-fonning activity. However, il is unclear whether tiiese activities have any 
physiological role in crythropoiesis (J. Suda et al.. Blood 67; 1002-1006 (1986); CA. Sieff et 
al.. Science 230:1 17M 173 (1985); and R.E. Donahoe fl/., Btood 75:227 1-2275 (1989). 
Recently, a factor tcmed "oythroid diffCTcntiation factor" has 

activity of erythropoietin in vivo and in vitro (H.E. Broxmeyer et ai, Proc. Natl Acad. Sci, 
85:9052-9056 (1988); J. Yu et ai. Nature 330:765-767 (1987)). This factor has been shown 
to be identical to activin A (follicle-stimulating hoimone-relcasing protein) and to be inhibited 
by follistatin, a specific inhibitor of activin A; however, the physiological role of activin A 
remains to be determined (M. Shiozaki et aL Proc. Natl. Acad. Sci. 89:1553:1556 (1992)). 
Thus, after nearly twenty years of investigation, there is no clear indication that crythropoiesis 
is controlled by any hormone other than eiythropoietia 

In the absence of any alternative hormones which afEect oyArppoicsis, several attempts 
to both probe erythropoietin structure and agnificantly in^rovc Ae characteristics of 
erythropoietin by site-directed mutagenesis have appeared in the litOTturc, The molecular 
cloning of the human gene encoding erythropoietin reveals a DN A sequence coding for a 
preprohormone of 193 aimno acids and a mature hormone of 166 amino adds. The availalrility 
of cloned DN A aicoding the honnonc and its precorsor (i^., tiie prqjro form) provides die 
opportunity for mutagenesis by standard methods in molecular biology. See U.S. Patent No. 
4,703,(K)8,Jifpra. 

the first mutant erythropoietins (ie., erydiropoietin analogs), prepared by making 
anuno add substitutions and deletions, have demonstrated reduced or unimproved activity. As 
described in U.S. Patent No. 4,703,008, replacement of Ae tyroane lesiduw at portions 15, 
49 and 1 45 with phenylalanine rcadues. replacement of the cysteine xeadue at position 7 with 
an Wstidme, substitution of the proline at position 2 widi an asparagine, ddction of readues 
2-6, ddetion of residues 163-166, and ddetion of residues 27-55 does not resdt in an zppmsii 
macasc in biolo^cal activity. The Cys^-to-His^ mutation eliminates biolopcal activity. A 
series of mutant erythropoietins witii a single anuno acid substitution at aspara^e residues 24, 
38 or 83 show severely reduced activity (substitution at position 24) or exhibit r^ 
intraceDular degradation and apparent lack of seoetion (substitution at residue 38 or 183). 
Elinunation of die Olinked glycosylation site at Sating results in rspid degradation or lack 
of secretion of flw erydiropoietin analog (S. Dube et al., J. Biol Chem. 33:17516-17521 
(1988)). These audiors conclude that glycosylation sites at readoes 38, 83 and 126 are 
reqdred for proper secretion and tfiat glycosylation shes located at residues 24 and 38 may be 
involved in die biological activity of mature erydiropoietin. 
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The suggestion that glycosylation of erythropoietin is required for in vitro biological 
activity is contrary to reports showing that deglycosylatjed erythropoietin is f uUy active in in 
vitro bioassays (M.S. Dordal et al.. Endocrinology 116: 2293-2299 (1985); J.K. Browne et 
al.. Cold Spring Harbor Symp. Quan. Biol. 51:693-702 (1986); U.S. Patent No. 4.703.008: 
E. Tsuda et al., Eur. J. Biochem. 188:405-41 1 (1990); and K. Yamaguchi. et al., I Biol. 
Chan. 266:20434-20439 (1991)). A set of analogs of erythropoietins, similar to those studied 
by Dubc et al., supra, has been constructed using oUgonucleotide-directed mutagenesis to 
probe the role of glycosylation sites in the biosynthesis and biological activity of erythropoietin 
(K. Yamaguchi et al, supra). These investigators conclude that glycosylation is important for 
the correct biosynthesis and seaetion of erythropoietin but has no affect on the in vitro activity 
of tht molecule. However, all of the mutant erythropoietins studied by Yamaguchi et al., 
which involve changes at the glycosylation sites, lack in vivo biological activity. 

Glycosylation of erythropoietin is widely accepted to play a critical role in the in vivo 
activity of the hormone (PJl. Lowy et al.. Nature 1 85:102-105 (1960); E Goldwasser and 
C.K.H. Kung. Ann. N.Y. Acad. Science 149:49-53 (1968); W. A. Lukowsky and R.H. 
Pdnter, Can. J. Biochem. 50:909-917 (1972); D.W. Briggs et al., Amer. J. Phys. 
201:1385-1388 (1974); J.C. Schooley, Exp. Hematol. 13:994-998; N. Imai et al., Eur. J. 
Biochem. 194:457-462 (1990); M,S. Dordal etal.. Endocrinology 116:2293-2299 (1985); E 
Tsuda rtfl/.. Eur. J. Bioctem. 188:405-411 (1990); U.S.PatentNo. 4.703.008; I.K. Brown 
era/.. CoW Spri«« Hartor S>7«po«a on fi«fl/tf. Bio/. 51 :693-702 (1986^^ 

« fl/.. J. fiib/. C/ujm. 266-.20434-20439 (1991)). 

•Hie lack of in wvo biological activity of deglycosyhted analogs of oythrq)^^ 

attributed to anpd dearaiK* of the deglycosylaied honronefr^^ 

aniimls. TOs view is supported by direct coiivaiison of the pl^ 

and deglycosylated erythropoietin (J.C Spivak and B3. Hoyan8.Btood 73:90-99 (1989). 

and NLN. Fukuda. er fl/., B/ood 73:84-89 (1989). 

OHgonucleotide-directed mutagenesis of erytinopoietin glycosyiation sites has 
effective^ probed the function of glycosylation but has failed, as yet, to provide insight into an 
effective strategy for significantly improving the chanicteristics of the horino^ 



A series of single amino acid substitution or deletion mutants have been constructed, 
involving amino add residues 15. 24, 49. 76. 78. 83. 143. 145. 160. 161. 162. 163. 164. 
165 and 166. In.these mutants arc altered the carboxy terminus, the glycosylation sites, and 
the tyrosine residues of erythropoietin. Tlie mutants have been administered to animals while 
monitoring hemoglobin, hematocrit and reticulocyte levels (European Published Patent 
Application No. 0409 113). WhUenrnmy of tirese mutants retam in viwWological activity. 
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none show a sig.if.cant increase in their abUity to raise hemoglobin, hematocrit or reticulocyte 
(the iiranediate precursor of an erythrocyte) levels when compared to native erythropoietm. 

Another set of mutants has been constructed to probe the function of residues 99- 1 19 
(domain 1) and residues 11 1-129 (domain 2) (Y. Chem et al., Eur. I Biochem: 202:225-M0 
(1991)) m domain 1 mutants are rapidly degraded and inactive in an in vi/robioassayw^ 
the domain 2 mutants, at best, retain in W/ro activity. TTiese mutants also shov. no enhanced in 

vivo biological activity as compared to wild-type, human eiyttaopdetin. Uese authors 
conclude that residues 99-1 19 play a critical role in the structure of erythiopoieon. 

Tl« hurnan erythropoietin molecute contains two disuffidebridges. one linking die 

cysteine residues at positions 7 and 161. and a second connecting cysteines at positions 29 and 
33(P-H Lai erfl/.,7.i»io/.CAem. 261:3116-3121 (1986)). Oligonucleotide-directed 
mutagenesis has been used to probe the function of the disulfide bridge Unking cysteines 29 
and 33 in human erythropoietin. TTie cysteine at position 33 has been converted to a proline 
residue, which.mimicsthestiuctureofmurineerythropoietinatthisresidue. mrcsulting 
mutanthasgreaUyreducedrnvf/roactivity. Tlie loss of activity is so severe that the authors 
concludethatti.edisuffidebiidgebetweenresidues29and33isessentialforery«hn)p^^^ 
function (F.-K. Un, Molecular and CeUular Aspects of Eiythrqpoietin and Eryihiopoiesis. pp. 
23-36. ed. LN. Rich. Spiinger-Verlag. Berlin (1987)). 

Site-spedficoBgonucleotide^lirectedmutagenesisof fliemethioniiieresW 

54 of human eryflinqxaetin lesohs in a molecule which retains the in vivo biological activity of 
the parent(wild-type) molecule wiUi the added advantage of providing an erythropoietm 
pn^tion which is less susceptible to oxidation (Shoemaker. U.S. Patent No. 4.83W«)). 
Alaigenumba of mutants of ti« human erythropoietin gene have been describedm 

scvetalsdentificpublicationsandpatent^lications. Tbesemniaiits have spanned the entiie 
length of themolecde.haveproducedpartiany- or compktdy^kgl^^ 
altcr«lthcstmcturesofthedisulfidehtidgesinlhemplecde.andhavea^ 
thethcnq)euticactivityofihemolecule. Of aU such attempts to diaoyttaopoietm. none have 
«w«ded in pmdudng a molecule with enhanced in vivo biological activity or other inpoved 

properiesforthen^jeuficapplicatioos. 

mfiuhnetoidentifyanatiiiany-occuiringaltematero^ 

and the hcietoftnt iinsuccessfd attenqrts to produce an erythnv^ 
vivo activity hmptovidedUttle insight into how an improved eiythro 

made. 
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Summary Of The Invention 

It has now been discovered that substitution of cysteine for the arginine at position 139 
of human erythropoietin and analogs thereof, including those wherein the cysteine at position 
33 is Tq)laced with another amino acid, results in a glycohwmone which is agnificantly 
improved in in vivo erythropoietic activity and in its potential for use in therapeutic 
ai^lications, such as induction of erythropmesis and treatment of anenua. 

Further, it has been found unexpectedly that a first analog of a mammalian and 
especially human aythropoietin, which has significantly reduced, or even no, in vitro or in 
vivo biological activity as a result of a change in amino acid sequence (at a first position) from 
that of the naturally occuiring. wUd-typc protein, can be converted to a significandy more 
active second analog by an additional, compensating change in amino acid sequence (at a 
second position) from that of the wild-type protein. TTiis result is obtoined even Aough the 
second position is distant, in the primary sequence of the protein, firom the first position. 
Indeed, it has been found that such a second analog can have in vivo or in vitro activity which 
is nearly the same as. or even greater than, that of the wiW-type erythropoietin. In this context, 
by "distant" is intended a separation of at least 1 airuno acid position, more typically at least 
about 10 amino acid positions, and possibly even more than 100 amino acid positions. It is 
readUy posable to identify sud> double mutants, in which a change in amino acid at one 
position compensates for, or even overcomes, the reduction in activity due to a change in an 

amino add at another, distant poation. 

Also discovered and disclosed for Ae first tinne are medwds and compositions for 

making the improved eiytiiropoictin analogs of the invention by oqnession, in mannmafian 
cells, of DNA sequences which encode a prqro form of Ae analogs, analogs having 
appended at dieir airimo^eratous a leader peptide of a mammalian ei^^ 

Many of tiie analogs of fl»e invaition are, suipriangly, substantially more active in 
eiythropoieas tfian native eiydm^wiedn when administered to an anenuc or non-anenuc 

mammal and have the additional, surprising and significant advantage of requiring less fiequent 
administration tiian native eiyfliropoietin to achieve a predetermined therapeutic effect 

TTje analogs of mammalian (and especially human) oytinopoietin of tiie invention retain 
immunological characteristics or in vitro biological activity amilar to tiiat of tfie cwieqwnding, 
native aydiropoietin, so that COTcratrafions of tfie analogs in blood, cu^ 
pharmaceutical preparations and the like can rcatfily be measured and monitoied by 
conventiwial means enqdoycd wfli the native gjycohomwnc. 
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pT ^^.f Descripti nn nf The, Drawings 

The present invention is described in connecuon with the attached drawings, in which: 
Figure 1 is a schematic representation of the plasniid pEPOwS, the construction of 

which is described in Example 1; 

Rgurc 2 is a schematic iqwcsentation of the process, described in Example 1 and used 
to make, ftomplasmid pEPOw5(corTCCted) and plasmid SV2dhfrSVdcltaSJneo. the expression 
veaor SV2dhfrSVdeltaSJneoEPO, which can be used to transform mammalian cdls in culture 
to make native human erythropoietin; 

Figure 3 is a grs^ih illustrating the activities of native, "non-recombinant" human 
erythropoietin (hEPO Standard), native, "recombinant" human erythropoietin produced in 
culture by dhfr- C3unese hamster ovary cells wWch have been transformed with expression 
vector SV2dhfrSVdeltaSJneoEPO (rEPO), and the "recombinant" human erythropoietin analog 
pm25 with proUne at residue 33 and cysteine at residue 139 (pm25), produced in culture by 
dhfr- Chinese hamster ovary cells which have been transformed with an analog of expression 
vector SV2dhfrSVdeltaSJneoEPO wrtrich incltMies DNA encoding die prqiro fonn of such 
analog rather than the prcpro form of native hmnan eiythropraetin; and 

Figure 4 is a schematic illustration of both native human eryduop<Metin and pna25. 

pp^ pilBH Descrip tion "f '"'g Invention 

In one of its aspects, the present invention is an analog of human cryttoopoietin which 
has the arginine residue at position 139 of the native glycohormone replaced with a cysteine 
residue. 

In another of its aspects, the present invention is a further-modified anabg wherein tW 
cystcineresidue atpositioh 33 of wiW-typecrythropMetin ^ 

19 naturaUy^xxining anuno adds, preferaUy proline. 

to eaiA insttncc, prefened examples of flic analogs of the invention are Aose wh^ 

lack die arginine residue at position 166 (f^., which arc des-ArgKiS). 

b anotiicr of its aspects, dte present invaition is a double-istranded DNA sequence 
which con?Hiscs a st^ment of 498 or 495 nucleotides eiicoding an erydiropoietin analog of flte 
invention. 

In a further aspect, the present invention entails a double-sttanded DNA sequMce 
comprising two, contiguous subsegments wherein a first subsegment is the above segment of 
498 or 495 nucleotides and the other subsegment encodes fl» leader peptide of a mammalian 
preproeiythropoietin. and wherein flte two sobsegments are joiiwd such flat, in the single 
polypq)tide encoded by flie contiguous subsegments, flie carboxy-tcrminus of flie leader 
pq)tide is adjacemtflieanuno-tBnninus of fliecrytfiropoietin analog. Preferred leader pcptida 
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are those of mouse, monkey, hamster and human prqwoeiythropoietin, and most preferred is 
the human leader peptide. TTie amino acid sequences of the human and monkey leader, peptides 
are given in SEQ ID N0:6 and SEQ ID N0:7, below. 

In a still further aspect, the invention entails a double-stranded DNA sequence which is 
an eukaryotic expression vector for ejqnesaon. iii a mammalian cell in culture, of a 
preprooythropoiclin analog of the invention. Any mammalian cell can be employed for this 
purpose, but CHO (Oiinese hamster ovary) cells arc preferred. As understood in the art, such 
an expression veaor is made by Ugating a cDNA sequence that encodes the analog of interest 
into a position in the veaor where the cDN A will be transcribed, along with signals required 
for translation of the transcript, when the veaor is in a cell (e.|., a mammalian cdl) which 
provides the proteins and other components necessary to recognize the signals on the vector to 
initiate transcription and the signals on RNA transcribed from Ac vector fincluding a segment 
coireqwncfing to the inserted cDNA) to translation and poduction of flie polypeptide 
coded for by ti»e cDN A. Positioning a cDNA "operably for expression" in an expression vector 
means portioning it so that RNA can be transcribed from the veaor and ultimatdy translated in 
the cell transfcffmed wiA the vector to make die protdn encoded by the cDNA. 

The invention also entails mammalian cells in culture which comprise an eukaiyotic 
expression vector for expression, in said ceU, of a cDNA encoding a pieprociythropoietin 
analog of die invention. Such expression leads to secretion into tiie cultuie medium of mature, 
glycosylated analog. 

mpiesent invention further encOTvasses a mefliod of nang a maiiunalian cdl which 

comprises an eukaryotic eiqnesaon vector siutable for expresaon. in said cell, of a DNA 
sequence wWdj consists <rf two contiguous segments wMdj together encode a precursor 

polypq>tide. TTus precursor polypqrtide consists of a leader peptide of a inammalian 
prqjToerythiopoietin joined at its carboxy-tcmunus to Ae amiiio-teanunus of an human 
erythropoietin analog. Accordingjy, one of said segments encodes said leader peptide, while 
tine otiier of said segments has 498 or 495 base pairs and wjcodes an eryUux)poietin analog of 
die invention. The above metiiod con^mses culturing said cell in a caltare medium undw 
conditions whereby said cell secretes said aydxcdpcat^ aiaiog into Ae cutane medhm The 
analog can tfira be isolated from Ac culture nwdiunv purified and fonnnlate^ 
]4iarmaccutica]ly composifion for adnunistiation to a mammal, pitteaUy an hunian. 

TTk inventicm also encompasses a second analog of humm eryAropoietin whit* has 
specific activity in eryOtropoieas that is significanfly greater than that of a first analog, which 
first analog has speaBc activity in eiytiiropoiesis tiiat is significanfly less Aan tiwt (rf native, 
humaii erythropoietin. This second analog is one having Ac same number and sequence of 
anuno acids as native human erytiiropdetin txcept at a first and a second position in said 
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sequence, where said second analog has amino acids that are difTcrcnt from those at the same 

positions in the sequence of native human erythropoietin, while said first analog is one having 

the same number and sequence of amino acids as said second analog except at either said first 

or said second position, where in the first analog the amino acid is the same as that found in the 

sequence of native human erythropoietin. The discovery of these "second analogs" of the 

invention rests on our discovery that a compensating change in amino acid sequence can be 

made which restores at least some activity lost due to the presence, in a "first analog", of an 

amino acid which is different from the amino acid found at the corresponding position in the 

native glycoprotein. It is anticipated that, in some instances, the second analog wiU be nrorc 

active {U., have greater in vivo specific activity in stimulating erythropoieas) than the native 

glycohormone, while the first analog will be inactive in vivo. 

m present invention also provides a process for making such a second analog of 

erythropoietin, described in the preceding paragraph, which process comprises (a) preparing a 
Ubtary of eukaryotic expression vectors, each of which comprises a cDN A sequence, 
positioned operaWy for expression in a mammalian cell, which 0) encodes a double mutant of 
native human preproerythropoietin (ije., a mutant with changes in amino acids at two positions 
from those present in the native glycohormone). (ii) comprises the triplet (codon) coding for 
the non-native amino add of a first analog of native human erythropoietin, which first analog 
has no substantial activity in stimulating etythropoiesis, has the same number of amino acids as 
native human erythropoietin, but has iat one position in its sequence an amino add that difte 

from that found in the conesponding poation in native human oydnopoietin, and Cni) 
compiises a random mutation in a segment of cDN A which does not code for any part of the 
leader peptide of the native preproaythropoietin and does not mdnde said triplet oodiqg for 
said non-native amino add of said first analog; (b) transf ecting tiu5 Ubrary of expression vectors 
into marnmaUaii cdls for expnaadon; and (c) sdecti^ 

analog. 

The present invention also provides a method for using sudi a second, douUfrmutant 
analog, witii activity enhanced in comparison witii a first, singlennutot analog of dimini^ 

activity rdative to tiie native glycohormone, to make a ttod analog whkrh has greater in vfw 
activity in stimulating etythropoiesis than the second analog. Tliis process comprisies changing 
tiie amino add in said second analog, which is found in said first analog but not in native 
human eiytinopoietin, to the amino add present at the correq)ondii« posirira 

eiythFOpoietin. 

TlieprescntinveairionfiinhcTaitailsananalog of human eryfljropoietin.whidi has die 
santt number and scquaice of amino acids as native human raytinropoiefin, excqjt for a 
diffeatnoc in aimno add at one poation in said sequence, and which has greater activity in 
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ciythropoiesis than native hunran crythropoietin, said analog made by 

described. U., by using a second analog which itself has in vivo specific activity in stimulating 

oythropoieas which is at least as great as that of the native glycohomione. 

The present invention also entails pharmaceutical compositions useful for inducing 
crythropoiesis and/or treating anemia in a nammal (preferably a human) which comprise a 
tfierapeutically effective amount of an analog of human erythropoietin of the invention in 
combination with a phaimaceutically acceptable carrier. Such pharmaceutical compositions, 
like analogs of the invention, are to be administered under the guidance of a physician or 
vetainarian and in such amounts or concentrations as are effective in inducing the needed 
amount of erythropoiesis. The carrier to be employed may be any physiologically tolerated 
vehicle, including but not limited to a buffer, salt, stabilizer, preservative or other adjuvant, 
combined with the glycohormone in a form suitable for administration by injection (usually 
intravenously or subcutaiwously) or otherwise. 

Administration wiD be in accordance vidtfi a dosage repnen that will be readily 
ascertained by the sUUed. based on in vivo spedfic activity of the arialog in comparison with 
hirnian ayttaopoietin and based on what is now known in die art concerning die administration 
of human eiytiiropoietin for inducing erytiiropoiesis and treating various conditions, such as 
anemia, in humans, including anemia in patients suffering from renal faihnc. Dosage of an ' 
analog of die invention may vary somewhat from individual to individual, dq)ending on tite 
particular analog and its specific in vivo activity, the route of administration, die medical 
condition, age, wdght or sex of the patient, the patient's sensitivities ID the anatog or 
components of vehide, and other factors which die attending physician wiD be capable of 
readily taking into account Mdi regard to diewpeutic uses of analogs of die invention, 
reference is made to U.S. Patent Nos. 4,703,008 and 4,835,260; see also die chapter on 
(recombinant) [des-Arg>«»]human etydiropoietin at pages 591-595 of the Physidahs' Desk 
Rcfoence, 4fth Edition (Medical Econonucs Data, Montvalc, New Jersey (1992)). 
Commercially available piqwrations of recombinant [des-Arg^^^] human aydiropoictin have 
2,000, 3,000, 4,000 or 10,000 units of die glycohormone per ml in preservative-free aqueous 
solution widi 25 mg/W human serum albunmii 5.8 mg^ sodram dtrate, 5.8 mg/nd Nad, 
and 0.06 mg/nd dtric add, pH 6.9 <+/- 03). 

Refacnce hodn to ciytiiropmetin, unless otiiawise qualified, is to die "mature" human 

protein, absent dw leader pqjdde and die ar^nine at position 166. 

•TiqOTcrydHopdetin" means die protdn including die lesricr pqjtide and 

to processing, upon expression in a mammalian ccU of a cDNA encoding die prqiro-foim, to 
glycosylate and, nltimatdy, scoete die mamre protdn into die adlure medium. TTie anuno add 
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sequences of the native human protein and the native human piqjro-protein are given in SEQ 
IDNOiL 

The tcnm "native" and "wild-type^ as used herein, are intended to 
Standaid abhreviations, as follows, are used herein for the 20 "naturally occurring" 
amino adds: 

L-alanine 
I^arginine 
L-asparagine 
L-aspartic acid 
Lrcysteine 
L-glutamicadd 
Lrglutamine 

glydne 
Lrhistidine 
L-isoleucine 
L-leudne 
L-lysine 
L-methionine 
L-phenylalanine 
Lrproline 
L-serine 
L-iiiieonine 
L^uyptophan 
L-^ane 
LrvaliRe 

The standaid, one-letter codes "A", "C", "G" and "T are used hCT^ 
nucleotides adenylate, cytidylate, guanylate and thyiradylatc, respectively. Those skilled in Ae 
art voD raidcrstand tiutt, in DN A sequences, the nucleotides arc 2'-<to 
S'.phosphates (or, at the 5*-cnd, triphosphates) while, in RNA sequoioes, Ac nucleotides are 
ribonuclcotide-5'-phosphates (or, at Ac 5*-cnd, ti^hosphatcs) and midylale (U) occurs in 
placcofT. By"N**]snieantanyoneofdkefburnucleoddes. 

A reference hcRsin to an analog protein. Trotdn X", as -pP, Y*. dcs-ZqProtdn X" 
means tiic analog in whidi tiie anuno add at poation a in a native Pcotdn X has been replaced 
witii aimno acid X, the amino add at position b in die native I^Dtrin X h^ 
anuno add and die amino add Z, normally prwnt at position c in native Protdn X, is 
missing. 

As used herein, "SV2dhfiSVdeltaSJneo(PC,Yb]hEPO)" means die ex^ 
SV2dhfrSVdeltaSJncoEPO witii die cDNA coding for preproeryduopdetin (see SEQ JD N0:1) 
rq)laced viidi a cDN A such diat cultured mammalian cdls transfected witfi die vector will 
scCTcte die PC^ Y^] analog of mature erydiropoietin. 



Ala 

Arg 

Asn 

Asp 

Cys 

Glu 

Gin 

Gly 

His 

De 

Leu 

Lys 



Phe 
Pro 
Ser 
TTir 

Val 
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The invention is illustrated in more detail in the following examples, which are not 
intended to be limiting. 

Further dctal in connection wi A carrying out various procedures described herein, 
such as cloning, insertion of a cDN A operably for expression into an cxpresaon vector, 
transfection of eukaryotic or mammalian expression vectors into mammalian cells and selection 
of transfccied cells, cultming of mammalian cells to obtain desired heterologous protein by 
secretion into the culture media, sequencing of DNAs, carrying out nucleic acid amplification 
with polymerase-chain-rcaction (PGR), synthesis of primers for carrying out such 
amplification, protein or nucleic acid purification techniques, and the like, as well as further 
examples of such things as mammalian expression veaors, cell lines suitable for use in 
expression from such vectors, culture media for culturing transfected cell lines, leader peptides 
for mammalian pieprooythropoietins other than human and monkey, nucldc add anqplification 
methods, and the like, are readily available and known in the art See, for example, Current 
Protocols in Molecular Biology, cds. F.M. Ausubel et al, Wley Intersciencc, John Wley and 
Sons, Inc., New York (1993) through Supplement 21; the ATOC Catalogue of Cell Lines and 
Hyhridomas, 7th Ed., American Type Culture Collection, Rockville, Maryland, USA (1992); 
and the ATOC Media Handbook, American Type CMture CoUection, Rockville, Maryland 
(1984). 

Example 1 

Preparation of P^smid Expression Vector SV 2dhfrSVdeltaSJneo 

A Hinfrtniction ffiiSvnthetic Gene Encoding Human Ervthro 

A DNA encoding fidl-lengdi, human prqxroeiyAiopoietin was made using standard 
phbsphoranMtc chemistry to prepare 8 douWe-stranded oligonucleotides having the sequences 
of SEQ ID NOS:8-15 and thai qjplying the Fdc-1 gene synthesis mefliod, described by 
Mandecki and Boiling in Gene 68:101-108 (1988), using the 8 oligonucleotides. The oKgos of 
sequences SEQ ID NOS:8-14 woe each ligated into die Smal site of pWM500, the 
construction of which is described in Mandecki and Boiling, suprOy and tiioi cloned in diat 
vector. The oligo of sequence SEQ ID N0:15 was ligated into the Smal site of pWMSOl, Ae 
construction of which also is described in Mandecki and Boiling, supra, and Aen cloned in that 
vector. Each oligo, after the cloning, was obtsuned by digestion of Ac vector wiA Fok-1 and 
purificationof AeoUgobydectro-dutionfiPomapdyacrylanmdegcL TheSdigoswereAoi 
ligated to one ano Aer to provide a 640 base pair Cbp") polynucleotide, which comprised a 625 
Iq) BarnHI fagment. wiA an intended sequence that would be fte sarne as 
N():l wWch, in turn, conpised a segn»m encoding Aepreprooyduropoietin. The 640 bp 
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fragment was designed to have an Hindni site on the 5'-end and a unique EcoRl site on the 
3'-cnd for case of subsequent subcloning. After the ligation.to provide the 640 bp fragment, 
that fragment was digested with EcoRl and partially digested with HindlD, and the resulting 
640 bp fragment was ligated into similarly digested pUC19 to give plasmid pEPOwS, which is 
illustrated in Figure 1 . Tlic sequence of the 640 bp fragment in pEPOwS was determined to 
attempt to verify that the preproerythropoietinencoding fragment would in fact encode human 
pr^noerythropoieda 

^ rnm-rtinn of ?;Ynthe.;i5; Mistake fj hv niiponiicleotifip^diw^tf^ MutaeCTgSi?, 

Hie preprocrythropoictin-encoding fragment of pEP0w5 contained two nucleotide 
eirors. which resulted in amino acids changes at residues eighty-four and ninety-five from the 
amino acids Fcsent at those positions in human erythropoietin. To correct the errors, so that 
the amino acids at positions 84 and 95 would be the same as in human erythropoietin, required 
changingaCpresent at position 352 of SEQn)NO:ltoaT;changingaTpresent at position 

353 to a G changing a C present at position 385 to a G; and changing an Aprcsent at position 
387 to a G. Tlius, pEP0w5 was digested with EcoRI to completion and with Hindm to partial 
completion. The digested plasmid was dectrophoresed in a 0.7% agarose gel and a fragment 
of about 640 bp was electroeluted from the agarose into a 7.5M ammonium acetate salt bridge 
using a modd UEA dectroduter (International Biotechnologies Inc., New Haven, 
Connecticut, USA) for one hour at 100 volts. The replicative form of M13mpl8 was digested 
to completion with Hindm and EcoRI and ligated to the duted fragment The ligated DNAs 
were transfected into £. coC (strain DH5alpha F) and the phage plaques were transferred to 2x 
YT media. Phage were propagated prepaiativdy in E-coffDHSalpbaFodls. Phage were 
titred on E. coli 0236 cdls [dut-1, ung-l] and tnacD containing phage prepared from the same 
strain by infection at a M.01 ofi).2 as recommended by the manufacturer of the MutaGene 
mntagenesiskit(Bio-RadLaboiaiories.lUchnM>n4 TemplateDNA was 

otocted fitim the phage as liBCommcnded Iv mannfacto^ 
dghty-four and ninety-five was spedfied by simultaneous annealing of phosphoiylated 
oHgonudcotidc-1. with the sequence of SEQ ID NOA and oHgonucleotide-2. witii the 
sequence of SEQ ID N0:3. to template DNA. DNA with the appropriate sequence collections 
was synfliesized in vitro as recommended by the manufacturer of the mutagenesis kit The 
mutated (conectcd) DNA was tnuisfectcd into DH5alphaF cdls and phage plaques were 
isolated for DNA sequencing. After sequence confirmation, Ae mutated (sequence^rrected) 
preproerythropoietin-encoding DNA fragment was sobcloned for expression as desaibed 
bdow. the DNA sequence of the syntiietic hunsui preproerythropoietin-encoding DNA is 
shownmSEQIDNO:!. 
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r rnnstruction hv Oligonuclftntirfp.-rfirecteH Mutagenesis of HNA encoding prepro-TOn25 

Constniction, by oligonuclcotide-dircctcd mutagenesis, of DNA that encodes prepro- 
pm25 [Pro33, Cys'39j human prcproerythropoietin) was achieved by the methods 
described above to provide the corrected native, human prcproerythropoietin-enooding DNA. 
The conected preproeiythropoietin-encoding DNA was used as the source of template DNA to 
provide pTepro-pm25-encoding DNA. The DNA mutagenesis piimCTS were (i) 
oUgohucleotide-3, having the sequence specified in SEQ ID N0:4, vMch changed die 
nucleotides at both positions 199 and 200 in SEQ ID N0:1 to Cs, and (ii) oUgonuclcotide4, 
having the sequence specified in SEQ ID N0:5, which changed the nucleotide at position 517 
in SEQ ID NO: 1 to a T. 

n <;iihclonipp of PreproervthroDoietin-en cnriiiip and pigpro-prnZS-encodinp DNA into gii 
PiAar yntic Ex TW-winn Vector 

The eukaryotic expression vector, SV2dhfrSVdeltaSJneo, was digested with Xbal for 
2 hours and fte DNA was extracted wiA an equal volume of buffer saturated 
phenol/chlorofoim (1:1) followed.by chloroform extraction. The digested DNA was ethanol- 
piecipitatcd, dried and resuspended in 50 microUtcrs of TE (10 mM Tris, pH 8.0, 10 mM 
EDTA). The digested vector was treated witfi catf alkaline pho^hatase far one hour at 37X. 
The phosphatased vector was extracted wiA phenohdilorofonn and dilorofoim, dried and 
resuspended in REact2 buffer (50 iiiM Tris-HQ. pH 8.0, 10 mM MgC12. 50 mM NaQ) 
(Gibco-BRL, Gaidiersburg. Maryland, USA). The protruding 5*-ends of Ac Xbal-digested 
vector were bhmted by a fflling reactian with Ae large fragment of DNA polyincnse 1 
(Klenow) and 0.1' mM 2'"demqnibomKleoside triphosphates for thirty minutes at nxnn 
ten^ieiatnre. Tlie KImiow fiagment was ranoved by phenol/chloroform extraction and die 
DNA was ethanol-piBcipitated and resuspended in TE (50 microliters). 

The DNA fragments encoding human prqiroerythropoietin and prq)ro-pm25 were 
subcloned into the Xbal-digested and Klenow-blunted expression vector as BamHI fragments, 
which also were blunted. The fragments woe propagated as part of plasnuds in E. coU strain 
HB-101. Purified plasmid was prqwred from l-liter cultmes by lyas widi SDS atpH 8.0 and 
subsequent cesium cMoride dcnaty gradient oentrifiigatibn CT. Maiuatis et a/, Molecatar 
Qoning, pp 89-94, Cold Spring Hartxir Press, Cold Spring Hariwr, New Yoric, 1982). 
Plasmid DNA concentration was detenraned by absorbance at 260 rnn. nrq)arative quantities 
were digested with BamHI and electrophorcsed in a 0.7% agarose gd in Tris-aceialc buffer. A 
band of approximately 625 bp was electro^luted from the agarose into a 7.5M ammonium 
acetate salt bridge using a modd UEA electrodut» (International Technologies Inc.) for one 
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hour at 100 volts. The elutcd DNA was eflianol-precipitaited and resuspcndcd in TE. The 
S'-protruding ends were made blunt by enzymatic repair as described above for the expression 
Vector. The blunted expresaon veaai and the fragments were Ugaied with T4 DNA Hgasc at 
15°C for 16 hours. The ligated mixture was.transformed into £. coli and the correct clone 
identified by standaid methods. The clones were propagated at the one-liter stage and plasmid 
DNA was prepared by lysis with sodium dodecyl sulfate (SDS) and cesium chloride density 
gradient ccntrifugation as described above. The plasmids (expression vectors) were stored in 
TE at 4'*C The expression vector for the human preproeiythropoietin was designated 
SV2dhfrSVdeltaSJneoEP0, and that for the lPro33, Cys^^ human preproeiythropoietin was 
designated SV2dhfrSVdeltaSJneopm25. A schematic rqnescntation of the construction and 
subcloning of SV2dhfrSVdeltaSJneoEP0 is illustrated in Figure 2. 

SV2dhfiS VddtaSJneo was constructed by addition of a neomycin resistance gene 
expression cassette and the S VddtaSJ expression cassette to the publicly-availaWe plasmid, 
pSV2-dhfr (American Type Culture Collection, Rockville, Maryland. USA. Accession No. 
37146; Berg et al^ Mol Cell. Biol. 1 :854-864 (1981)). Plasmid pSV2-dhfr has a 2.3 kilobasc 
pair (kbp) PvuD-to-EcoRl fragment (designated "on PBR amp" in Figure 2), which was 
daived from pBR322 and has the bacterial ori^ of replication fori") and die beta-lactamase 
gene (which provides ampicillin resistance) ("amp") from plasmid pBR322. Plasmid 
pSV2-dhfr also has a 1.9 kbp expresaon cassette, which has a 0.34 kbp PvuII-to-Hindlll 
fragment of simian virus 40 (SV40) DNA with theT-antigen promoter (designated "SVE" in 
Figure 2). a 0.74 kbp Hindm-to-Bgin fragment with a cDNA sequence encoding mouse 
dihydnrfolaic reductase (designated "dhfr" in Figure 2X and a 1.6 kbp Bgffl-to-EcoRI 
fragment of SV40 DNA indudii« a 0.82 kbp Bgm-lo-Bamffl fii«mcnt having the SV40 

T-«ntigcn mRNA splicing and polyadcnylaiion signals (designated "8v40 - A" in Rgurc 2) and 
a 0.75 kbp BamHI-to-EcoRI fiagmoit having no known function (deagnated "sv40 - B" in 
Rgure 2). The neomycin resistance gene cjqiresaon cassette (to provide neomycin reastance 
to celb transfonned with the vector) was inserted at die Pvun site of plasmid pSV2-dhfr by 
routine aibcloning methods (c^., Maniatis « c/^ ^ra). The neomycin resistance gene 
expresaon cassette is a 1.8 kbp fragment contiuning a 0.25 kbp Pvun-to-Smal fragment of 
Heipes simplex vinis-1 ("HSVl") DNA witit the thymidine kinase promoter, a 1.0 kbp 
Bglll-to-Smal fragment of transposon ThS encoding Ac oi^rme providing neoniydn 
resistance, and a 0.6 kbp Smal-to-PvuE fragment of HSVl DNA encoding the thynnidine 
kinase mRNA polyadenylation site and signid; aD of these fragments arc readily available to 
skilled piactitioocrs of die art. TTieSVdehaSJejqiresaoncasette is a 2.5 kbp fragment wdi die 
0.34 kbp PvuD-to-Hindm fragment of Sy40 DNA widi die T-ahtigen promoter C'SVE" in 
Rgurc 2), an Xbal ate for insertion of an heterologous DNA to be oqiressed unda control of 
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thc S V40 T-antigen promoter, a 0.44 kbp Hpal-to-BamHI fragment of hepatitis B vims 
(subtype adw) DN A with a 3*-enhancer from the hepatitis B virus surface antigen gene 
(designated "delta S" in the Figure), and a 1.85 kbp BamHl to PvuD fragment of HSVl DNA 
from Ac BamHI J fragment of that DNA. The SVdeltaSJ cassette was prcassanbled and 
inserted into the BamHI site (after blunting with Klenow) of S V2-<lhfr, Insertion of the 
neomycin resistance gene expression cassette and the SVdeltaSJ expression cassette into 
plasmid pS V2-dhfr resulted in the plasmid expression vector SV2dhfrS VdeltaSJneo, shown in 
Figure 2. 

Example? 

Alternative Construction of a Synthetic G ene Encoding Dm2S 

In an alternative procedure for preparing the above SV2dhfrSVdeltaSjneopnl25 
expresion vector, DNA encoding ftill-lengtii pm25 is syntiiesized de novo by using standard 
phosphoramidite chemistry. A series of double stranded oligonucleotides are prepared in a 
manner similar to tiiat described in Exan^Ie 1 ; however, unlike tiie approach of Exan5)le 1 , the 
oligonucleotides when assembled form a gene already containing mutations in the native 
CTytiiropoietin sequence, as for cxanq)le changes encoding a proline residue at position 33 and 
a cysteine residue at position 139. The ^tiietic oligonucleotides are assembled using the 
F6k*l gene syntheas method of Mandedd and Boiling, supra, or by other mediods known to 
diose skilled in die art of g^ synthesis. The sequence of die resulting synthetic pni2S goie is 
confinned by standard DNA sequendng of die assembled prcpro-pnri2S gene. 

The assembled pr€pro-pm2S gene is dien subclohed into a plasmid vehicle/expression 
vector by die standard methods previously described, such as by inclusion of unique restriction 
sites at die 5* and 3* ends of die syndietic prcpro-pm25 gene and by subsequent restriction 
endonuclease digestion and subcloning. 

Examples 

Alternative Con stnictinn of a Pfeiiro-nm25 Gene hv Mutagenic RT-PCR 

nrq)ro-erydirq)oietin analog genes may also be prepared using revme iransciq)tion- 
polymerasechsdn reaction. Rqmesoitatiye of such a procedure is die preparation of a piepjo- 
pm25<sncocfing DN A scquaicc, in wW(A m^ 

cobalt diloride for 48 hours in a manner known to enhance die level of e;q>ression of die gene 
encoding native wydiropoietin (H. Scholz et Am. J. Physiol. 263:474-479 (1992)). The 
ceDs are then washed widi cold saline sdution aiid are harvested from culture 
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centrifugation. The cell pellet is lysed by rcsuspension in saline containing 1% Triton X-100 
and ccntrifuged to remove nuclei, with the resulting supcmate containing total mRNA. 
Alternatively, the cell pellet can be lysed with guanidine isothiocyanate to prq)are total RNA. 

mRNA is tfien isolated by annealing to Dynabeads Oligo dt 25 (deoxythymidine) 
oligonucleotide-bearing beads as recommended by the manufacturer (Dynal A/S, N-0212 Oslo, 
Norway). Total RNA is prepared from guanidine isothiocyanate-lysed cells by standard 
methods. Complimentary DN A is synthesized from Oligo dl-selected mRNA isolated from 
approximately 10^ cells or from approximately O.l^g of total RNA using random hexamer 
primers and reverse transcriptase. The cDNA serves as template for a mutagenic polymerase 
chain reaction. The PCR reaction is carried out using three sets of primers, and the prepro- 
pm25 gene is synthesized as three distinct fragments (amino, middle and carboxy) with one set 
of primers for each fragment 

The 5' primer of the amino fragment contains restriction sites for subsequent molecular 
manipulations and sequences complimentary to the 5' end of the cDNA template. The 3' 
primer of flie amino fragment contains a restriction site for molecular manipulation and 
sequences complimentary to ihe cDN A tenq)late. 

The 5' primer of the middle fragment contains a restriction site capable of annealing the 
3* restriction site of tfie amino fi^gmait, a codon encoding the proline residue at position 33 of 
prq)ro-pm25, and sequences con5)limentary to the cDNA ten^late. The 3' primer of Ae 
middle ifagmrat contains a oodon encoding a cystdne residue at position 139of prBpro-pm25, 
a restriction site for subsequent molecular manipulation, and sequences conq)limentary to Ae 
cDNAtemplate. . 

Hie S * primer cf the caiboxy fragn^nt co ntains a restriction site capable of annealing to 
the 3' restriction site of die 3* prima- of die middle fragment and sequences complimentary to 
AecDNAten^datc. The3'primeroftiiecartx)xy fragnicntcontaimsequCTcescon^)!^^ . 
to die cDNA tenq)late and a restriction site for subsequent manq)ulations. 

Each individual fragment can be subcloned and sequence confirmed prior to final 
assembly of die entire prqjro-pm25 gene- The prq>n>-pm25 gene is assembled by restriction 
endonuclease digestion of die fragments usmg fte restriction sites incorporated into each of Ac 
primers and ligation oflhc resulting con5)limentaiy ends. The assembled pi€pro-pni25 g^e 
contains S* untranslated and 3* untranslated sequences ori^nally found in Ae message 
encoding ciythropoictin as wdl as coding sequences of Ae prcpn>^^ 
untranslated sequences can be ronoved using subsequent PCR reactions wi A primers 
complimentaiy to tte coding sequences of Ae prq)ro-pm25 gene, uang meAods known to 
Aose sldlled in Ac art The entire gene encoding piq)ro-pm25 is Aen subcloned into a suitable 
expression vector as previously described. 
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Example 4 

Expression of Proteins bv Transformed Cell Lines 

fii. Transfection of Dihvdrofolate Reductase Deficient Chinese Hamster Ovary Cells 

Each of the plasmids SV2dhfrS VdeltaSJneoEPO and SV2dhfrSVdeltaSJneopm25 woe 
transfected into CHO/dhftcdls[dxb-l 1 1] (Uriacio et al., Proc. Nat. Acad, ScL 77:4461 -4466 
(1980); American Type Culture Collection Accession No. CRL 9096), which arc readily 
available to one skilled in the art, using the cationic liposome-mcdiated procedure (FX. 
Feigner, et al., Proc. Natl. Acad. Sci. 84:7413-7414 (1987)). Similar transfections were done 
with ah expression plasmid expressing the hq>atitis B virus surface antigen and the resulting 
transfected cells served as a source of negative control culture fluid for tiie in vivo bio-assay 
experiments described below. CHO/dhfr- cells were cultured in Ham*s F-12 media 
supplemented with 10% fetal calf serum, L-glutamine 0 ^M) and freshly seeded into a 25 cm2 
flask at a dwisity of 5-8 x 105 cells pCT flask twenty four hours prior to transfection. Ten 
micrograms of plasmid DNA was added to 1.5 nds of Opti-MEM I reduced senim media witii 
14 g/L sodium bicarbonate (Gibco-BRL), and 100 mioolilBis of ^xxfectin Reagent 
(Gibco-BRL) for liposome-medialBd transfection of DNA mto odls in tissue culture was added 
to a second 13 nd portion of Opti-MEM I nnedia. These two solutions were prepared in 
polystyrene tubes. The two solutions were mixed and incubated at room ten^eratuie for 20 
minutes. The culture medium was removed from cells and replaced witii tfie Opti-MEM 
l-Lipofcctin-DNA solution. The cells were incubated for tiuee hours at 37**C ate whidi ttic 
Opti-MEM I-Upofectin-DN A solution was replaced widi culture medium for an additional 24 
hours prior to selection. 

B- Selection and Amplification 

One day after transf ection. cells were passaged 1 3 and incubated witii dhfr/G4 1 8 
sdection medium QiereaflBr, minus medium G"). Selection medium was Ham's F-12 
witii L-glutanune and ^diout hypoxandune, tiiynudine or glydne (Giboo-BRL), supplemented 
with dialyzed fetal calf senmi (JRH Biosdmces, Lenexa^ 
pcrmlG418 (Gibco-BRL). 

Colonies showing the presence of dihydrofolate reductase (Ringold aL, J. MoL 
AppL Genet. 1 :165-174 (198 1)) plus aminoglycoside phosphotransfaase (P J. Soutiion and 
P.BergJ.MoLAppl.Genet. 1:327-341 (1981)) appeared aflCT 4-5 days of incubation of 
transfected cells witii F-12 minus medium G. Afterapproximately two weeks,' DHFR/G418 
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cells were sufficicndy expanded to allow passage and continuous maintenance in F-12 minus 
medium G. 

Amplification of the iransfected erythropoietin or pm25 genes was achieved by 
stepwise selection of DHFR+, G418+ cells with methotrexate (reviewed by R. Schimke, Cell 
37:705-713 (1984)). CeUs wo-e incubated with F-12 minus medium G, containing 150 nM 
methotrexate (MTX), for approximately two weeks until resistant colonies appeared. The 
MTX resistant cells were passaged and maintained in tiie appropriate selection irodium- 
Furtiier amplification was achieved by selection witii 5 MTX, and ccUs were continuously 
maintained in the appropriate selection medium. 

r Maintenance and Storage of Cell Lines 

Cells in culnire and und^going various selection or amplification procedures were rc- 
fed wifli the appropriate culture medium three times weekly. Cells were passaged 1:5, with 
appropriate medium, into 75 cm^ flasks using standard metiiods. Ciyostorage was by 
resuspension of 2-4 x 10^ cells in 1 .8 ml of the appropriate culture medium containing 5% 
DMSO (Sigma, St Louis. Missouri, USA) and cold storage for 24 hours at -SOT and then 
permanent storage at -135**C 

p Production of Ervthropoierin and pm2 S in Serum Free Medirnn 

CcUs transf ectcd with eithor the aythropoietin- (Le^ rEPO-) or the pin25-exprcsang 
DNA were grown to confluence in F-12 minus medium G containing 300 nucrograms/ml 
G41 8, thra Ac culture media was removed and rqplaced witii production medium (5 nfl/25cm^ 
of surface area). Production medium was VAS medium (serum-firee culture medium 
supplenKHited with fish protamine sulfate) with L-glutanune, HEP^^ 
phenol red (JRH Biosciraces). Cells ware cultured at 3TC far three days and the conditioned 
medium was used as a source of rEPO or pm25. 

Both the rEPO and the pm25 polypeptides obtained fitmi the conditioned medium were 
des-Arg^^. 

P^tanrple? 

In Vitro Biologi cal Activity of Expressed Proteins 

/itWfr/>Bioassav 

Eiytiiropoietin activity was detmnined by radiolabeUed tiiymidine incorporation into 
spleen cells of phenylhydrazine-treated mice (G. Krystal, Exp. HematoL 11:649-660 (1983)). 
Fdnale C57/6 mice, at least ten weeks old, woe injected intrapaitoneally Cip) twice witii 
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phenylhydrazinc (6bmg/kg) 72 and 96 hours prior to cervical dislocation. The largest spleens 
were removed and gently teased into alpha MEM culture media (without nucleotides) 
supplemented with 0.2% bovine serum albumin (BSA). The tissue suspension was incubated 
for one minute in a 50 ml polypropylene tube and the spleen cells were removed from large 
tissue aggregates. Spleen cells were centrifuged for 10 minutes at 1^00 ipm in a clinical 
centrifuge and resuspended in spleen culture media (SCM). SCM is alpha MEM (without 
nucleotides) containing antibiotics, 0.4% BSA, 2.0% Nutridoma NS (Boduingcr Mannheim 
Biochemicals, Indianapolis, Indiana, USA), 30% fetal calf smim (Hyclone, Logan, Utah) 
selected for erythroid cell growth, and 0.1 mM 2-mercaptoethanol. The cell suspension was 
passed through a nylon mesh (200) to remove remaining aggregates; then nucleated cells were 
counted in a hemacytometer. Cells were incubated in SCM at room tenq>erature for 
approximately three hours at 8 X 10^ cells/ml with occasional stirring. Fifty microliter aliquots 
of the cell suspension were inoculated into wells of U-shaped 96-well microtiter plates to 
which an equal volunw of sample, in SCM, was added. The cells were incubated at 37°C in a 
CO2 incubator (5% CO2) for 22-24 hours, then 0.6 ^iCi of tritiated thymidine was added to 
each well and incubation continued for an additional two hours. Reactions were terminated by 
placing the microtiter plates on ice. Cells were harvested onto glass fiber discs using a PHD 
cell harvester (Qnibridge Technology, Watertown, Massadiusetts, USA), washed at least ten 
times wiA distilled water and once with 95% ethanoL Radioactivity was measured with a 
scintillation counts (Beckman Instruments, Fulloton, California, USA). Native, human, non- 
recombinant erythropoietin (Toyobo New York, Inc., New York, New York, USA) (hEPO) 
was included as a positive control in all assays at 0.25-16 n^units/well. Each data point was 
die average of triplicate detenninations from at least three wells/sample. 

As shown in Hgure 3, a dose-dependent response was obtained whwi hEPO (ix.^ 
eaythropoietin standard), rEPO (ut^ recombinant native oydiropoietin obtained from CHO 
cells transf ected wi A S V2dhfirS VdeltaS JneoEPO) and pni25 were assayed. The data in Figure 
3 depct results fiom an assay of purified pm25 and rEPO ovcra series of dflutions, beginning 
atl5Mg/mlforpm25andl8|igMfarrEPO, These data clearly dononstratediat the mulant 
eiythrcpoietin, pm25 i\PT^\ Cys^^homan oythropoietin) has in vitro activity equal to 
hunutti eiyAropoietin even though pm25 does not have a cysteine residue at portion 33 and 
dimfoit cannot form a disulfide bond between residues 29 and 33, which prior workos have 
bdieved to be essential for eiythrq)oietic activity. 
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R. Radioimmunoassay and In Vitro Speci fic Activity 

The masses of rEPO and pm25 were determined using a conuneicial radioimmunoassay 
kit (Incstar, Stillwater, Minnesota, USA) as described by the manufacturer, with the 
exception of inclusion of hEPO as a positive control for generating a standard curve. rEPO 
was purified to homogeneity as described below and the mass was determined by amino acid 
composition analysis. Standard hydrolysis was done using approximately 50-300 picomoles 
of protein undo* vacuum for 2 hours at 155°C using a Pico Tag Work station (Waters, Milford, 
Massachusetts, USA). The purified standard was stored at -80°C and a fresh aliquot used for 
the standard curve of each radioimmunoassay. The pisified standard generated a linear 
response (log concentration vs. counts) wh«i used at concentrations ranging from 0.25-2.0 
ng/ml. At 2 ng/ml of standard, approximately 1050 counts were obswved; at 1 ngMd. 
approximately 2000 counts were observed; at 0.5 ngMJ. approximately 3200 counts were 
observed; and at 0.25 ngMil, approximately 4250 counts were observed. Thus, the in vitro 
specific activity of both the rEPO or pm25 from culture supematcs of transfected CMO cells 
was routinely calculated and ranged from 90,000 to 130,000 units/mg. 

Example 6 

In Vivo Biological Activity of Expressed Proteins 

A Wheat Gerni Apf liitinin Chromatography 

Cionditioned production media from cells transfected with each of rEPO, pm2S and 
HbS Ag (as a negative control) were passed dirough a wheat germ agglulinin-Sephi^se 
column to partially purify ({^proximately tenfold) and concentrate the erythropoietic activiQr. 
Tbir^ milinitm of conditioned medium was passed through a disposable minicolumn 
(Spectrum Medical Industries, Inc., Houston, Texas, USA), contaimng one nulMtcr of wheat 
germ agglutinin-Sq)harose (Signui) previously equilibrated witii phosphate-buffered saline 
(PBS). The flowthrough was collected and passed through the column a second time, that the 
column was washed with nine column volumes of PBS and erythropoietic activity duted with 
1.5 column volumes of N J4-diacetylchitibiose (J J* Spivak ei al^ Blood 52:1178-1 188 
(1978). The duted material was stored at 4XfC until use in an m vfvo bio-assay. The in vitro 
activhy of the rEPO or pm25 fnim the wheat genn agglutinin duronnatDgr^ 
indistinguishable from die values obtained from conditioned production medium. 
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B. Staived Rat In Vivo Bioassav of rEPO and pm25 , 

The in vivo activities of rEPO and pni25 were detcmuncd in a modified starved rat bio- 
assay (W. Fried et d., Proc. Soc. Exp. Med. 94:237-241 (1957). In this assay, reticulocyte 
ceU counts were niorutored rather than incorporation of radioactive iron. Groups of four or 
five animals were treated with rEPO or pm25, each of which had been partially purified by 
wheat germ agglutinin chromatography as described above. Negative control animals were 
treated with wheat germ eluate prepared from conditioned production medium from HbS Ag 
transfected cells. In a typical assay, rats were fasted from Monday through Friday and were 
injected with rEPO or pm25 in&avenously on Tuesday, Wednesday and Thursday. 
Reticulocyte counts were determined (see below) on Monday and Tuesday and the average of 
the two taken as the starting reticulocyte count Reticulocyte counts wm determined on Friday 
and the percent reticulocytes remaining calculated for each animal, and the avmge for each 
group calculated. Negative control rats routinely retained iq)proximately 50% of their starting 
reticulocytes. The results for rats treated with dther rEPO or pm25 are expressed as the ratio 
of the average treated group to the negative control; rats treated with 60 or 100 ngs of rEPO or 
pm25 showed a dose-dependent increase in reticulocytes {see Table 1). 

TbMslL 
7/1 Wvo Bio- Assav Results 





TYeatment 


flfcRericuIocvtes 




Mock 


T.W.TTj 


53 




EPO 


60ngT,W,Th 


81 


1.54 


EPO 


lOOngT.W.Th 


102 


1.94 


pin2S 


60ngT,W,Th 


108 


2,05 


pin2S 


lOOngT.W.Th 


132 


2.50 



Rats treated with equivalent doses (as detennined by radioimmunoassay) of i)m25 
show a dose^cpendent response whidi is dgmficandy greater tfian that seen witt lEPO. Rats 
were also treated widipn^5 or rEPO at equivalem doses determined by m Animals 
treated with pnrt25 showed an improved response when compared to the animals treated with 
equivaloit doses of rEPO {see Table 2). 
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Table 2 
In Vivo Bio-Assav Results 

Sample Tieatment % Reticulocytes Treated/Control 

Mock T.W.Th 36 - 

,EPO 1.75uT,W,Th 75 • 2.08 

EPO 5.25uT,W.Th 89 2.45 

EPO 8.75uT,W,Th 116 3.20 

pmi5 1.75uT.W.Th 85 2.35 

pin25 5.25uT.W.Th 119 3.29 

pin25 8.75uT.W,Th 133 3.66 

The increased potency of pni2S was also evident in aninnals treated with a single dose 
of pin25. Rats treated with a single dose of pin25 administered on a Tuesday showed a 
response substantially equivalent to dukt of rats treated with three doses of (see Table 3). 

Table 3 
/iiVtvn Bio-Assav Results 

Sample JjsmsSi. % Reticijocvies Ifaj^ed^CfflUrp; 

Mock T.W.TTj 54 ~ 

EPO 20ngT,W.Th 78 1.45 

EPO eOngT.W.Tli 80 1.48 

EPO 100ngT,W,*ni 10$ 1.97 

pin25 lOOngTonly 92 1.71 

Rats treated widi a single dose of iGPO on 'Hiesday, Wednesday or Thursday, «iien 
con^aied to animals neated with three doses of £P0 (one (m each day), showed 
equivalence (see Table4). 
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Table 4 
faVfanRio-Assav Results 



Sample 


Trcatipent 


%Rcticulocvtes 


Tteated/Control 


Mock 


T.W.Th 


38 




EPO 


20ngT.W.Th 


69 


1.83 


EPO 


60ngT,W,Th 


80 


2.11 


EPO 


lOOng T.W.Th 


106 


2.78 


EPO 


lOOngTonly 


59 


1.55 


EPO 


lOOngWonly 


62 


1.64 


EPO 


lOOngThonly 


56 


1.46 



These data show that pm25 both has inaeased m v/vo potency and ds^ 
ciythrotropic agent upon singlc-dose administration {U., is effective without multiple 
dosings). 

Flow Cytom etric DetenTiin?tinn nf Reticulocvtes 

Reticulocyte counts were detennined by flow cytometric analyas of perq)heral Hood 
reticulocytes using thiazole orange staining (LG Lee et al.. Cytometry 7:508-517 (1986), 
Heparinized lat whole blood was prepaed for flow cytonwtry usmg Rctic-COUNT® ifaiazole 
orange stain (Becton Dicldnson. San Jose, California. US^^ 

manufecturer, Eachfiveniicrolitersarapleof blood was niixed with 1 ml of thiazole orange 
stain and incubated in the dark at room temperature for 45 niinutcs. Unstained controls were 
prq)arcd in a similar manner but lacked tWazole orange and conta^ Analyaswas 
completed within 90 minutes after the staining incubation since prolonged staining gave 
abnormally high values- 
Samples woe analyzed witii an EPICS ELITE flow cytomctcf (Coulter Hcciromcs. 
Hialeah. Florida, USA) equipped with an argon ion laser at 488 nm and 15 MW of power. 
Log f oiwaid angle light scatter, log side scatter (90 degrees), and log green fluorescence 
parameters were coUected. Standaid ELITE filters were used; neutral denatyl for fOTwaid 
Hght scatter. 488 dichrdc long pass for side scatter, and 525 band pass for green fluorescence. 

The flow cytometer was aligned daily using Immuno-deck fluorosphercs (Coulter 
Electronics) and standardized uang Immuno-Brite Levd n fluorospheres (Coulter Electronics). 
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Standardization compensated for the day-to-day variation in instrument settings. A computer 
protocol was established to collect three histograms; dual-parametCT log side scatter vs. log 
forward scatter, log fluorescence vs. log forward scatter, and single-parameter log green 
fluorescence. 

A stained sample was analyzed to establish gates for inclusion of only erythroid cells. 
An amorphous gate was drawn around a population containing lymphoid and erythroid cells on 
the log forward scatter vs. log side scatter plot, which eliminated platelets and background 
debris. This gated population was then represented on a log fluorescence vs. log forward 
scatter histogram. A rectangular gate was drawn around the negative erytfuoid population and 
the positively staining reticulocyte population, but excluding die highly staining lymphoid 
populatioa The gated erythroid population was represented on a single-parametcff log green 
fluorescence histogram. An unstained control sample was analyzed on the instrument and 
25,000 events wCTe collected. The cursor was placed to include 0.1% of the autofluorescing 
cells and the stained san9)lcs were analyzed. Reticulocytes were expressed as a percentage of 
all erydiroid cells. 

Example? 
Purification of Expressed Proteins 

fr, p^^ficationofrEPQ 

Ftotdng lEPO was purified from conditioned production media by a combination of 
ion-exchange, wheat genn lectin, and icvtarse phase chromatogiaphy. Typically, ten liters of 
conditioned medium were clarified by ccntriiFugation and tiien concentrated ten-fold using a 
Bendunaik rotary concentrator (Manbrex, Garfield, New Jersey, USA) witii a 10,000-dalton 
molecular weight cut-off membrane at 4**C The concratrated harvest was centrifuged at 
15,000 X g for tiurty minutes, flien diluted with an equal voluine of cold disffl 
containing 25 KIU Qalo international units) of aprotinin per milliliter, aftCTwWch tiicpH was 
adjusted to 73-7.4, if necessary. The diluted concentrate was passed over two ion-exchange 
colunuis connected in series. The first oolunui was an S-Sq)harose Fast Flow rem 
(Riarmada-LKB, Inc., Piscattaway, New Jersey, USA) and the second a DEAE Sepharose 
Fast Flow resin (Pharmacia-LKB). The colunms were each 1 .6 x 33 cm and wm equilibrated 
witfi 20 mM NaH2P04, pH 7.4, 20 mM Nad Undo these conditions, rEPO did not hind to 
eitiier column; however, a substantial purification was achieved since many other proteins did 
bind. The flow-through and a 200 ml wash were loaded onto a 20 ml wheat gam agglutinin- 
Sepharose column (Sigma) previously equilibrated witii 20 mM NaH2P04, pH 7.4, 20 mM 
NaQ and washed exhaustively with buffer containing 135 mM NaQ. rEPO was eluted witii 
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wash buffer containing 10 mM N,N,-diacetylchitibiosc (J.L. Spivac et aL supra). Fractions 
(3.5 ml) were coUeaed, each was adjusted to contain 25 KIU aprotmin per niilliliter, and the 
rEPO of each was examined by SDS-PAGE (sodium dodecyl sulfate-polyaaylamide gel 
electrophoresis) (U.K. Laemmli, Nature 227:680-685 (1970); H. Schagger and G. von 
Jagow, Anal. Biochem. 166:368-379 (1987). 

Fractions which contained the highest levels of rEPO as determined by Coomassie 
Blue^ staining were pooled, acidified with 5% TFA (trifluoroacetic acid) (30 ^U/ml) and 
chromatographcd on a POROS R2/H column (11 x 100 mm) (a reverse phase column, 
PerSeptive Biosysiems, Cambridge, Massachusetts, USA). The equilibration buffer was 
0.1 % TFA in 5% CHsCN and the elution buffer was 0.08% TFA in 80% CH3CN. Six 
minutes after loading, a fifteen minute gradient elution (from 0% to 100% buffer) was 
performed. Fractions were manually collected and purity was assayed by SDS-PAGE. rEPO 
was stored at -80T. 

On SDS-PAGE, rEPO migrated betweai 3 1 ,000- and 43,000-dalton maikcrs and had 
an appaicnt molecular weight of 36,000 daltons. Subsequent digestion witfi the protease 
Lys-C and amino acid sequence analysis (see below) confirmed the presence of rEPO and 
revealed no other protein. 

B. Purification of Dm25 

Protein pm2S, obtained from conditioned production media, was purified by an 
idCTtical procedure 10 diat described for rEPO. Unlike rEPO, however. SDS-PAGE 
electrophoresis of tfie purified pm25 revealed the prcswice of a high molecular protdn or 
protdi^ witfi an dectrophoretic nxilnli^ of qiproximately 60,000 daltons that co-purified with 
pni25. Because of tiiis high molecular wei^t contaminant, an altered purification procedure 
was in5)lemcnted to separate tiic high moledilar weight con^ncnt from pm25. After die 
previously-described wheat germ agglutinin-Sq)harose chromatogrq)hy step, tiie elutcd 
material was acidified with 10% TFA in 5% CH3CN (100 jil/ml). The sample was 
chromatographcd on die SMART^ high performance liquid chromatography systan 
(Pharmacia), automated to coUea produa-containing fractions by monitoring absoxbance, 
using a Pharmacia URPC C2/C18 column (11 x 100 mm) and a flow rate of 200 nuarolitas 
per minute. The initial buffw was 0.1% TFA in 5% CH3CW and the diition buffo was 0.08% 
TFA in 80% CH3CN. Five minutes aft^ loading, the concentration of tiie dution buffer ms 
increased from 0% to 40% in one minute. Adnrtyminuicpadientfrom40%to70%oftiie 
elution buffer was performed to dutcpmZS. Fractions were collected using die SMART 
systwn "peak detection" cq)ability and SDS-PAGE was used to identify pm25. Hie partially- 
purified pm25 was takai to dryness and redissolved in 100 mM CH3CO2NH4, pH4.1, 6M 
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urea. The sample was loaded onto a Mono-S cation exchange cdumn (Phamiacia) (1.6 x iSO 
mm), equilibrated in Ae same buffer, and chromatogr^hed at room temperature using a 
SMART system. The sanq)le was loaded at 100 microlitCTS per nunutc and chromatogrqjhed at 
150 microliters per minute, five minutes after loading, a twenty minute gradient fix)m 0-50% 
eluting buffer (100 mM CH3a)2NH4, pH4.1. IM NaQ. 6M urea) was performed. Fractions 
were coUcctcd using the SMART system "peak detection" capability and SDS-PAGE was used 
to identify pm25. Eluted pm25 was then re-chromatographed on a URPC C2/C1 8 column (2. 1 
X 100mm) as described above. The sample was acidified with 5% TFA and loaded onto the 
column at 200 microliters per minute. Initial buffw was 0. 1 % TFA in 5% CH3CN and the 
elution buffer was 0.08% TFA in 80% CH3CN. Five minutes after loading, a 25 minute 
gradient elution (from 0 to 100% buffer) was perfoimed. The SMART system "peak 
detaaion" capaWlity was used to collect fractions and SDS-PAGE performed to locate and 
assess purity. Hectrophorcticanalyas revealed a single band nugrating between the 29,000 
and 43,000 dalton ntjarkcrs with an apparent molecular wdght of approximately 36,000 
daltons. Subsequent pit)tease digestion with Lys-C and sequence analyas revealed flic 
presence of pm25 and no other protons. 

pinlopical Activity »f P''"fied Protons 

A , tn Vivo Activity of rEPQ a nd pm^S in a Nnn- Anwiiic Rat Model 

The biological activities of purified rEPO and pm25 WOT coirpaied in a long-temj, 
non-anemic mirioddiv measuring henratocriis of treated and ino^ Groupsof 
five rats were treated three times per wek with lEPO or imi25 

vehicle (PBS containing 0.2% BSA) for a total of four weeks. Four grotqw of animals were 
treated by intravenous injection witii 150, 300, 450 or 600 ngs of lEPO in vehicle and two 
groups treated in tiie same way wifli 150 or 300 ngs of pm25 in vehicle. One grojq) of animals 
saved as controls and were treated intravenously wiA vehicle fliree times per week for fom 
wedcs. Hematocrits were dctHmined for each animal at fl»e end of die four week period and 
tiie average hematocrit values woe calculated for eadi group. Hie animals treated with 150 
ngs of pm25 showed a ieqtonse substantiaDy equivalent to fliat of animals tresaed wfli 300 ngs 
of rEPO. Similarly, animals treated witii 300 ngs of pm25 showed a response substantially 
equivalent to that of animals dosed wifli 600 ngs of lEPO. In diis kmgrtenn modd, flidefore, 
pm25 was q)proximaidy tmx as effective in laiang die hematocrit of treated animals as native 
lecoinbinant eiydiropoietin {see Table S). 
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Tables 

} ^np»terni In Vivo Bio- Ass ay Results 



jiample 


Treatment 


hematocrit (Final) 


Mock 


M.W,F 


52.3 


EPO 


150ngM,W,F 


53.3 


EPO 


300ngM,W,F 


58.0 


EPO 


450ngM,W,F 


60.2 


EPO 


600ngM.W,F 


62.6 


pm2S 


150ngM,W,F 


58.3 


piiiZS 


300ngM,W,F 


65.8 



In a similar cxpaiment, single weddy dosing of pm25 was compared to three doses 
pawedcofrEPO. One groi]p of animals was treated with 300 ngs of lEPO three times per 
week for four wedcs. Two groups of aninuls were treated with either 450 or 600 ngs of pm25 
once pCT weeL One group of animals was treated with vehicle duee times per week and seived 
as mock-treated controls. At the end of Ae four-week treatment sdwdule, hematocrits were 
deternuned for each animd and die average hematocrit value fOT each grcHflp 
Animals treated once per week witij pffi25 showed a re^Kmse substantiaBy equival^ 
animals treated wUi 300 ngs of rEPOtinee times per week. TTicse data demonstrate tfjatprt25 
o£Fers die advantage of reduced frequency of doang when conq>ared to oydtropcuetin (see 
Tabled). 

1 iwif-tftmi In Vivn Bio- Assay Results 



Sample Jisism HCTmtWit (Ffflal) 

Mock M.W.F 52.8 

EPO 300ngM.W,F 58.4 

pin25 450ngWonly 56.2 

pffi25 600ngWonly 58.8 
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In yet another related cxpoiment. single weekly dosing of rEPO was tested by 
administering rEPO once week in a long-torn, non-anenuc rat model and comparing 
hematocrits of mock-treated and rEPOtreated animals. Groups of five animals were mock- 
treated with vehicle (PBS containing 0.2% BSA), treated with rEPO three times per week, or 



One group of animals was treated with vehicle alone three times per week for four 
weeks and served as the vehicle control. Three groups of animals were treated with 150, 300 
or 450 ngs of rEPO in vehicle three times per week for four weeks. Three additional groups of 
animals were treated with 300, 600 or 900 ngs of rEPO in vehicle once weekly for four wedcs. 

The animsds treated three tinoes weddy showed a dose-dqpendent increase in hematocrit 
levels ranging from 55.3% to 60.8% {see Table 7). Animals treated wiA rEPO at 300 or 600 
ngs once per week showed no appreciable increase in hematocrit conqpared to the vehicle 
treated controls; howev^» animals treated with 900 ngs once weekly showed only a modest 
inoease in hematocrit as compared to vdiicle-treated animals and a significantly lower increase 
thail that found in animals treated with the lowest dose of rEPO administered three times per 
wedc. These data, when compared to those obtained with once- weekly administration of pm25 
as shown in Table 6, suggest that the analogs of the present invention produce grem in vivo 
erythropoietic effects iq)on once-weekly dosing tlm native ^yduq)^ 



treated with rEPO once weekly for a total of four weeks. 



Tabte? 

I^ng-term !n Vivo Bio- Assay Results 



Treatment . 



HematocritrRnan 



Mock 



3 times weekly (nW) 



51.0 



EPO 
EPO 
EPO 



ISOngTIW 
300ngnW 
450ng'nW 



55.3 
57.0 
60.8 



EPO 
EPO 
EPO 



300ng once weeUy (QW) 
eOQngQW 
900ngQW 



51.3 
50.5 
53.0 
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R In Vivn Activity of rEPO and nm25 in a Non-Aneirac Cvnomnlgus Monkey Modd 

The biolo^cal activities of purified rEPO and pin25 were compared in a long tem non- 
anemic Cynomolgus monkey model by measuring hematocrits and hemoglobin concentrations 
in Cynomolgus monkeys treated three times per week with rEPO or once per week widi pm25. 
Male animals were divided into two groups of five. Hematocrits and hemoglobin 
concentrations were detcmuned three times during the week prior to treatment by removing 0.5 
ml of blood for each detenranation at 48 hour intervals. The average of Ae Aree 
determinations for cadi group was used as the pretreatment value for each group of animals. 

One group of animals was treated witii 2\ig/ kg rEPO tfiree times per wedc for a total of 
four weeks. A second group of animals was treated with 4^g/kg pm25 once per week for a 
total of four weeks. Treatment with erytiuopoietin is known to deplete circulating iron and 
efficacy of the drug can be Umited by available iron (J. Eschbach et al.. New Eng. J. of Med. 
3 16:73-78 (1987)); conscqucnfly, both treatrnwit groups of Cynomolgus nwnkcys were treated 
with lOmg pqrtonized iron (Rogenic, Forest Pharmaceuticals. St Louis, Missouri, USA) 
twice per week to eliminate any iron defidency that nught rcailt bam or linut fte efficacy of 
rEPOorpni25. 

At the end of die treatment period, hematocrits and hemoglobin concentrations wac 
measured twice at 72 hotff intervals. TTie final hematocrits and hemoglobin concentrations 

were calculated as the average of tfjcse values; it was found diat henratocrit and hennoglobin 
values for animals treated three times per week with rEPO and those of animals treated once 

weddy witii pm25 woe substantially identical (see Table 8). 

Table 8 

I ■nny.term In Vhm Bio- Assav RcsqltS 

HematoCTit Hemoelobin fg/dl) 



EPO 200 units/kg TIW 37.8 
pra25 240nnits/kgQW 37.7 



^treated 




Pretrc^ 




37.8 


41.5 


10.3 


11.5 


37.7 


40.8 


10.2 


11.2 
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Example 9 

Structural Characterization of Expressed Proteins 

A Protease Lv s-C Digestion ofPiirificdrEPO and pm25 

rEPO and pni25 were digested with Lys-C (K.L. Stone ei ali, A Practical Guide to 
Protein and Peptide Purification for Microsequencing, pp. 3 1 -47 1, cd. P.L. Maztsudaira, 
Academic Press (1989)), and the resulting peptides were analyzed to map the location of 
disulfide bonds in these molecules. Typically, 100 micrograms of purified protein was dried 
into a microcentrifuge tube and the protein dissolved with 50 microliters of 400 mM 
NH4HCO3, pH 8^, 2 mM EDTA, 8M urea (deionized). A second sample of each was 
reduced prior to Lys-C digestion. Reduction was done with dithiothreitol (DTT) at 4.5 mM for 
30 minutes a 3TC und^ nitrogen; after reduction, the sample was eqiulibrated to nxmi 
temperature and alkylated with 10 mM iodoacetic acid for 1 hour at room tenq^jcratixre under 
nitrogen and in the daik. The reduced and non-reduced samples wm dUuted with (fistilled 
water to bring the urea concentration to 2M. The protdns were digested with 1 3 micrograms 
of Lys-C for 2-3 hours at 37°C under nitrogen, then an additional 1.5 micrograms of enzyme 
was added and the digestion was continued for 15 hours. The digestion was terminated by 
addition of TFA to 0^%. Pq)tides were isolated by reverse phase high performance liquid 
chromatography (HPLC) using a uRPC C2/a8 column (11 x 100 mm) and a SMART system 
(Phamiacia). Tlie equilibration buffer was 0.1% TFA in 5% CH3CN and the elution buffer 
was 0.08% TFA in 80% CH3CN. The flowrate was 200 nucroHtcre per minute. Five minutes 
after loading, a 55 minute gradient elution (from 0 to 100% buffer) was performed. Eluted 
peaks were colleciedwia the SMART system^"^^ Fraciionsvm 
stored at prior to annno add sequendng. Tlie 

detcnnined by amino arid sequencing (RM. Hcwick et al^ J. Biol Ckem. 256:7990-7997 
(1981), uang an ABI Model 470A or 477A scqucnator equiiq)ed with an ABI Modd 120A 
PTH analyze (Applied Biosystcms, Inc., Foster Qty, Cilifamia, USA). Data wat collected 
and analyzed using a PE Nelson software system for amino add sequrace analyas 
(Acccss*Chrom, Micro Vax 2000, Cup^tino, California, USA) with a software package for 
chromatographic data management 

B. Identification of Disulfide Bond Positi ons in rEPO and TOn25 

The deduced amino add sequraioe of erythropoietin predicts dght lydne reddues in the 
molecule. The construction of pm25, described in Example 1, does not alter the number or 
location of flie lysine reddues. Therefore, boA of fliese molecules should have very similar 
Lys-C pqrtides, mtii any (Meraices arising because of tiie amino chsmges at residues 33 and 
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139 in pm25. TTjc airano acid scquaice predicts nine Lys-C pqjtides should be generated from 
either rEPO or pm25 when these molecules are digested with Ais protease. The position of the 
Lys-C fragments of both molecules are dq)icted in Rgure 4. TTje fragments arc labelled Kl 
through K9 with the aythiopoietin residues contained wiAin each peptide shown in 
parentheses. The poation of disulfide bonds known to exist in erythropoietin (PJi. Lai et al., 
J.Biol. Chem. 261:3116-3121 (1986)) are included, as well as the probable new disulfide 
connecting cysteines at residues 29 and 1 39 in pm25. 

RcvCTse phase chromatography of Lys-C digests of rEPO revealed a pattern closely 
similar to one previously reported for non-recombinant erythropoietin (hEPO) (M. A. Recny et 
al., J. Biol. Chem. 262:17156-17163 (1967) and consistent with the schenatic representation 
of Figure 4. The asaghment of peptides from the duomatogr^hy was based on airano acid 
sequencmg of the peptide fragments. Comparison of the peptide maps of reduced and non- 
reduced rEPO showed that pqjtide Kl and K9 co<hromatogr^h in tfie inueduced sample and 
dute at diffcroit retention times in die reduced samples. This was taken as dear evidence of a 
disulfide bond between peptide Kl and K9 in rEPO (and hEPO). Examination of the peptide 
profiles for reduced and non-reduced pin25 revealed an identical pattern for pq)tides Kl and 
K9. However, peptides K2 and K6 also exhibited altocd retention times in the reduced and 
non-reduced san^Ies. Peptide K2 co-chromatogrsqphed with K6 in the non-ieduoed paOS ' 
san^jle and had a distinctly differentretenlioniiine in Aeieduc^ Thiswas 
taken as dear evidence that pqrtides K2 and K6 are linked by a disulfide bridge as dqncted in 
Figure 4. 

EMmpte 10 

Pmparation of D tinhle Mutants of Erythropoietin 

Double mutants of a mammalian erythropoietin, in whidi a mutation (change in amino 
acid) at a first position, which causes a significant loss in activity, is con^jensated for by a 
mutation at a second position,which is distant from die first poation in tiie priniary structure of 
the protein, sudi that die activiQr of die double mutant is agiuficanfly greater than diat of the 
mutant widi d» activity-iedudng mntation at d« first poation, are prepared as described 
bdow. to die context of flus exartqdc, as win be recognized by one skilled in die ar^^ 
"activity", nniess Gibenmt qualified, refers to spedfic activity in eiydiropoiesiis in vivo. 

A first such douWe mutant of human oythropoietin is pffl25, in which a first mutation, 
at residue 33, aibaantially eliminates etydiropoictic activity, and a second mutation, die change 
from Arg to Cys at residue 139, conq)letdy restores and possibly even improves eiydiropoietic 
activity over tiiat of die wild-type glycohormone. This demonstration, tiiat intramolecular 
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compensating mutations are possible in mammaUan orythropoietins. makes available a wide 
variety of double mutants of that glycohormone, including such double mutants as are 
substantially improved in ciyihropoietic activity over that of the corresponding, vfild-typc 
glycohormone. 

Beginning witii a first cDN A encoding a first mutant, which has reduced activity (and 
typically substantially no activity) because of a change in an amino acid at one position, the 
skilled practitioner can readily generate very large numbers of second mutants, which differ 
from the first in having one or more changes in amino acids at second or subsequent positions, 
and can then expression-scicen the second cDNAs encoding the second mutants for those 
mutants which have the desired level of ciythrotropic activity. 

The process will be illustrated with human erythropoietin and for the typical case, in 
which the first mutant has no erythropoietic activity in vitro. Howcvct, it will be readily 
apparent thai the process can be applied with any mammalian erythropoietin and for cases in 
whidi the first mutant has activity that is reduced in comparison witfi tiie wild-type butnot 
elinunated. 

The process entails four steps, beginning with a first cDNA, which encodes a prcpro- 
first mutant of human erythropoietin. Typically, the segment of the cDNA encoding die leader 
peptide win encode the leader peptide for prepro-human erythropoietin. In a first stq), a large 
numbCT of random mutations in tiie first cDN A are genwated at sites such that any resulting 
change in amino acid will be at a position, in the primary scqu«ioc of Ac mature glycq)rotcin, 
which is distant bam the positicm of the change in anuno add in ttic first mutant Even when 
the mutations are essentially randomly distributed along the entire cDNA encoding Ae prepro- 
first mutant, most of them wifl be in nucleotide triplets (codons) that are outside the leader 
pqjtide-cncoding segniait of Ae first cbNA and Aai corieq^ 
whi(* arc distant, in Ae priniaiy sequence of Ae inatuic protdn, 

acid change in Ae first, inactive mutant glycohomwne. By "distant" is meant a separation of at 
least 1 and more typically at least 10 amino add positions. 

Second, tfie lepertone of randomly-mutated second cDNAs from Ae first stqp is ligated 
for cloning into an eukaryotic expression vector and Ae resulting library C'landom library") of 
vectors harboring the randomly-mutated second cDNAs is cloned in a suitable host to prqiare a 
convenient quantity of vectors of Ae library. 

Third, Ae random Khrary is transfected into eukaryotic cells (^^^^^ 
suitable mammalian cdls), in whidi Ae randomly-nwtated second cDNAs in the expresaon 
vectors of Ae Htaaty are c^le of being oqiressed and processed to scc^ 
mutants. The cells are Acn cultured, and Ae resulting cell population is screened to isolate 
single<»ll clones vAich produce erythropoietin activity in an in vitro assay for sudi activity. 
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The clones with such activity are those which produce.an erythropoietin analog which is a 
second mutant wherein a second mutation compensates for the lack of activity in the first 
mutant 

Fourth, the second cDNA, encoding the erythropoietin second mutant from a clone 
producing the same, is amplified as by the polymerase-chain-reaction ("PCR") or any other 
nucleic acid amplification technique, and the amplified nucleic acid is sequenced to detamine 
the position and amino acid change of the second, compensating mutation. While it is possible 
that a "compensating mutation" produced in a process which randomly mutates the prcpro-first 
mutant-encoding cDN A, as just described, could entail changes in antino adds at more than 
one position, or an addition or deletion of an arnino acid, it is probable that such a mutation 
would entail a change in an amino acid at only one position. 

m resulting, newly identified, double-mutantcrytfiropoietin-^coto 
used, in a suitable cukaryotic expression vector, to produce the double mutant glycohormone 
by cultuiing mammalian cells transformed witfi the vector, and the double-mutant so produced 
is tested for in vivo specific activity in a suitable animal model, such as that described for pm25 
above. 

A process of mutagenesis by PCR is one procedure by which a second mutation that 
leads to a compensating ammo add change can be introduced at a site (fistant from the site of a 
first mutation in Ae native protdn. In such a process, the 3'-cnds of the two PCR primers 
bradcet the segment of thcf cDNA in vMdh it is intcwfcd to introduce the second mutation, and 
one of the PCT ptisnas anneals to a segment which includes the first mutation and, 
consequently, protects the first mutation from further mutation in tiie PGR ^ TTie first 
cDNA's segments, to one strand of which the primers anneal for primer extension, arc 
protected from mutagwiesis. Mutations arc introduced randomly into tiie segment of die first 
cDNAtiiat is bracketed by the 3'-ends of tiie primers. The greater the distance betwcwi the 
primers, the greater the region of die first cDN A (encoding the inactive or icduccd-activity first 
mutant) ^ch is C3q)0scd to mutation whidi vdB introduce a compensating, intramolecokr 
mutation of amino add in tiic glycohormone- Each of the primers dfliffinclikles one strand of 
a restriction dtc or anneals to a segment of fte first cDN A which includes one strand of a 
restriction ato in cmia to facilitate introduction of POl^anvlified firagments into expiesaon 
vectors for expression of any prqiro-donble mutants of erythropoietin. The PCR process is 
carried out under conditions which favor mistakes in nucleotide incorporation. Such 
conditions inchide use of Aree of the 2'-deoxyribonucleoside-5 -triphosphates at 1 mM 
concentration and the fourth at 2(M) ^iM concentration with 0.5 mM Mn+2, 6 mM Mg+2 and 
Taq polymerase in the PCR an^lification reaction nnxture. 
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More spedficaUy, the process is earned out with reference to the double mutant pnn25 
as follows: A first cDNA encoding an inactive or reduced-activity erythropoietin analog, such 
as one having a Cys-to-Pro mutation at position 33, is used as a template for starting the 
mutagenesis using PCR. One such first cDN A has the sequence which differs from that 
shown in SEQ JD N0:1 only by having CC at positions 199 and 200. Using this first cDNA 
for illustration, a first PCR primer is used which hybridizes to a segment, including the CC at 
positions 199 and 200, of the strand of the cDNA which has (except at positions 199 - 200) the 
sequence shown in SEQ ID N0:1. Also, a second primer is used which hybridizes to that 
strand of the cDNA to which the first primer does not anneal. The second primer anneals to a 
segment of this strand which has its 3*-end base-pdred to a base pair that is at a position 
located 3* of base 517 as illustrated in SEQ ID N0:1. Thus, in the PCR mutagenesis process, it 
is possible that the base pair of the first cDN A corresponding to base 5 17 in SEQ ID N0:1 can 
be mutagenized to a T, which will convert the triplet 517-519 to one coding for Cys. 

The PCR-mutagenizcd products, which include some sequences with random 
mutations between the primers defining the ends of the amplified product, are then digested 
with restriction enzymes using sites incorporated into the PCR product as suggested above. 
The fragments from tfie digestion which are of a size that includes those with the random 
mutations ait dien ligated into a suitable eukaiyptic expression vector, operably for expresdon 
and secretion from a mammalian cdl in culture of die doubly mutated erydiropoietin analogs. 
Such an repression vector will provide a mammalian On Ais case, prrferably human) 
erythropoietin leader peptide at the amino-tenninus of die mature, double mutants which 
provides for didr glycosylation and secretion and, of course, will provide appropriate signals 
for transcripdon and other steps necessary for expression of the prq>roerytfaropoietin double 
mutants in a mammalian celL The vector wiD also be suitable for cloning to provide sufficient 
quaUdesof die vector for niammalian cdl tiansfection and other uses. Forexaiq)le,diePCR* 
amplified fragnients can first be Ugated to fragnfients which code for par^ 
prcproeiydux)poietin, providing fragments widi cDNA coding for fuU-lragdi 
prqiroeryduopoiedn double mutants. These fragments, coding for fiill-lengdi protein, can dien 
be ligated into a vector such as S V2dhfiSV(teltaSJneo to provide suitable expression vectors 
for die double mutants. 

Hie resulting lifanury of expression vectors, widi die doubly mutated d[>NAs 
incorporated, is dira cloned in a siutable host, such as £. colU to obtain sufficient amounts of 
die fibnoy for furdier work. 

The library of expression vectors, with die doubly mutated cDN As, is transfected into 
mammalian cells (e.g.,CHO cells) as described above in Example 1 Tlie cells are cultured as 
singie-cdl clones or colonies of small numbos (e.g., about 10) of cells. Each culture is then 
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SCTeencd for w vitro crylhrotropic activity. The only cultures which will screen positively (for 
such in vitro activity) will be those in which an erythropoietin analog is expressed which has a 
second, random mutation compensating for the attentuation of activity caused by tfie first (e^., 
Cys33-to-Pro33) mutation. Cultures which show activity but were grown from more tfian one 
ceU can be subcultured as single-ceD clones to isolate cells that produce doubly-mutated, active 
analogs. 

Analog-encoding cDNA can be isolated from cells producing biologically active 
glycohormone and then sequenced by standard techniques to identify the second, compensating 
mutations in the ^ythropoietins from such cells. 

The cells producing biolo^cally active glycohormone can be cultured, and die 
glycohormone can be isolated and purified from the culture media and dien tested for in vivo 
erythropropic activity in a suitable animal model, as described above. Thus, double mutant 
analogs can be found which have enhanced pharmaceutical utility due to increased potency, 
prolonged half-life, or the like. 

It will be recognized that a double mutant of erythropoietin, which has a compensating 
mutation restoring in vivo ciytiiropoietic activity to a first, inactive mutant, may be converted to 
an evoi more active mutant by elimination of the first, inactivating mutation. Hius, tiie present 
invention also priovides single-mutation analogs of a mammalian (preferably human) 
erythropoietin, wliidi have in vivo eiythropoietic activity. Sudi a single-mutation analogs of 
tiie invention have a single, first diange in an amino acid from die sequence of the mature vnHA- 
type glycohormone iT^eiein said first change, whu) made in an analog which has a single, 
second amino acid change from the sequ^ce of, and in vivo erytiuropoietic activity less dian 
duu of, die wild-type glycohormone, increases die in vivo aydiropoietic activity of die single- 
mutation analog widi die ^glc, second amino acid change. A paradigm of such a single- 
mutation analog of the im^ention is the [Cys^^ analog of human eiydiropoietin. 

While examples of the presoit invention have beoi desoibed above widi spedfidty, it 
is intended diat modifications and variations of what has been described, which are readily 
iqypaitm to diose stalled in die pcrtinem arts, wiU be ^ 
widiiii die scope diereof, viiidi is defined exchiavely by die claims which follow. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Okasihski, Gregory P. 

DeVries, Peter J. 
Mellovitz, Barry S. 
Meuth, Joseph L. 
schaefer, Verlyn Gi 

(ii) TITLE OF INVENTION: Erythropoietin Analog Conpositions 
and Methods 

(iii) NUMBER OF SEQUENCES: 15 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Abbott Laboratories 

(B) STREET: Dept. 377 - AP6D One Abbott Park Road 

(C) CITY: North Chicago 

(D) STATE: Illinois 

(E) COUNTRY: United States 

(F) ZIP: 60064-3500 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) C(»!PUTER: IBM PC cospatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTHARE: MS-DOS Ver. 5.0 ASCII Text Editor 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/055,076 

(B) FILING DATE: 29-APR-1993 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATIONt 

(A) NAME: Weinstook, Steven 

(B) RB6ISTRATI0H NUMBER: 30,117 

(C) REFERENCE/DOCKET NUMBERS 5282«nS«01 

(iz) TELECOMMUNICATION INFORMATIONS 

(A) TELEPHONE: (708) 937-2341 

(B) TELEFAX: (708) 938-2623 

(2) INFORMATION FOR SEQ ID HOsls 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENCTH: 625 bases 

(B) "type 8 nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOMXSY: linear 

(ii) MOIfCUIS TYPE: synthetic DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1; 

GGATCCCCGC CAGGCGCCAC C ATG GGG GTG CAC GAA TGT OCT GCC 45 

Met Gly Val His Glu Cys Pro Ala 
-25 -20 

TGG CTG TGG CTT CTC CT6 TCC CT« CTG TOG CTC CCT CTG GGC 87 
Tro Leu TIP Leu Leu Leu Ser Leu Leu Ser Leu Pro Leu Gly 
*^ -15 -10 

CTG CCA GTA CTG GGC GCC CCA CCA CGC CTC ATA TGT GAC TCG 129 

Leu Pro val Leu Gly Ala Pro Pro Arg Leu He Cys Asp Ser 
-5 1 5 

CGA GTC CTC GAG AGG TAC CTC TTG GAG GCC AAG GAG GCC GAG 171 
Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu Ala Glu 
10 15 20 

AAT ATT ACG ACG GGC TGT GCT GAG CAC TGC AGC TTG AAT GAG 213 
Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
25 30 35 

AAT ATC ACT GTC CCA GAC ACC AAA GTT AAC TTC TAT GCA TGG 255 
Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp 
40 45 50 

AAG AGA ATC GAG GTC GGG GAG GAG GCC GTA GAA GTC TGG CAG 297 
LYS Arg Met Glu val Gly Gin Gin Ala Val Glu Val Trp Glia 
• 55 60 *5 

GGCCPGGCCCTGCTCTCGGAAGCTGTTCTGCGGGGCCAGQCC 339 
Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gin Ala 
70 75 

CTG TTG GTC AAT TCC TCC CAG CCG TGG GAG GCC GTG GAG CTC 381 
Leu Leu Val Asn Ser Ser Gin Pro Trp Glu Pro Leu Gin I«n 
80 85 90 

CAT GTC GAT AAA GCC GTC AST GGC CTT CGC AGC CTC ACG ACT 423 
Bis val Asp Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr 
95 100 105 

CTGCTTCGAGCTCTCGGGGCCCAGAAG GAA GCC ATC TCC CCT 465 
Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu Ala lie Ser Pro 
110 115 120 

CCA GAT GGG GCC TCA-GCT GCT CCA GTC CGA ACA ATC ACT GCT 507 
Pro ASP Ala Ala Ser Ala Ala Pro Leu Arg Thr lie Thr Ala 
^ 125 130 135 

GAG ACT niG GGC AAA CTC TTC CGA GTC TAC TCG AAT TTG CTG 549 
ASP Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leo 
140 145 
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CGC GGA AAG CTG AAG CTT TAG ACA GGG GAG GCA TGC AGG ACA 591 
Arq Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr 
150 155 160 

GGG GAG AGA TGATGAGGAG GTGTTAGGTG GATGG 625 
Gly Asp Arg 
165 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTIGS: 

(A) LENGTH: 28 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

GGCTGTTGGT CAATTCGTGG CAGGCQTG 21 
(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) HOLECms TYPE: synthetic DNA* 

(zi) SEQUENCE DESCRIPTION: SEQ ID HO: 3: 

CCIGCAGCTG CAXGIGGAXA AAGCCGIC2^ 3 
(2) INTORMATION FOR SEQ ID Il0t4: 

(i) SEQUENCE CHARACTERISTIGS: 

(A) LENGTH: 32 bases 

(B) TYPE: nncleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 

(ii) MOLECULE TIBBz synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:4: 
GCTGTGCTGA GCACCCCAGC TTGAATGA6A AT . 
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(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
ACTGCTGACA CTTTCTGCAA ACTCTTCCGA GT 
(2) INFORMATION FOR SEQ ID N0:6t 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Gly Val Bis Gin Cys Pro Ala Trp Leu Trp Lea l^u ten 
5 10 

Ser Leu Leu Sex Leu Pro Leu Gly Leu Pro Val Leu Gly 
15 20 25 

(2) INFORMATION FOR SEQ ID N0:7: 

(J.) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(0) TCffOLOGYsJllnear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DBSCRIPTIONx SEQ ID NO: 7: 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Lea 
5 10 

Ser Leu val Ser Leu Pro Leu Gly Leu Pro Val Pro Gly 
15 20 25 
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(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 85 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOFQLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AGCTTGTGTG GATCCCCGCC AGGCGCCACC ATGGGGGTGC ACGAATGTCC 
TCCCTGGCTG T6GCTTCTCC TGTCCCTGCT GTCGC 
(2) INFORMATION FOR SEQ ID N0«9s 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 82 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: lineu 

(ii) MOLECULE TYPE: synthetic DNA 
(zi) SEQUENCE UBSCRIPTKffii SEQ ID N0t9: 
TCGCTCCCTC TGGGCCTCCC AGTACTGGGC GCCCGACCAC GCCTCATAII6 
TGACTCGCGA GTCCTCGiAGA GGTACCTCTT GG 
(2) INFORMATION FOR SEQ ID NO:10s 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 85 basM 

(B) TYPES nucleic ^acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECms TYPE: synthetic DNA 

(zi) SEQUENCE SBSCRIPTIOR: SEQ ID NO: 10 s 

TTGGAGGCCA AGGAGGCCGA GAAXATTACG ACGGGCTGT6 CTGAGCACTG 

CAGCTTGAAT GAGAATAICA CTGTCCCAGA CACCA 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 82 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11: 
ACCAAAGTTA ACTTCTATGC ATGGAAGAGA ATGGAGGTCG GGCAGCAGGC 
CCTAGAAGTC TGGCAGGGCC TGGCCCTGCT OT 
(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 79 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(Zi) SEQUENCE DBSGRIPnONs SEQ ID NO: 12s 

CTGTCGGAAG CTGTICG6CG GGGCCAGGCC CTGTTGGICA AITCTCTCCO^ 

GCCGTGGGAG CCCCTGGAGC TGCATCXAG 

(2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS I 

(A) LENQISi 88 bases 

(B) TYPE: nucleic -acid 

(C) STRANDEDNESS: single 

(D) TOPauXSIt linear 

(11) HOLECOLB TYPES synthetic VSk 
(zi) SEQUENCE DESCRIPTION: SEQ ID N0:13s 
CXAGATAAAG CCGTCAGTGG CCTTGGCAGC CTCACCACTC T6CTTC6AGC 
TCTGGGGGCC qiG&&GGAA6 CCATCTCOOC TCCAG&IG 
(2) INFORMATION FOR SEQ ID NOsUs 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENgTH: 82 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TXPE: syntheitc D1I2^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

GATGCGGCCT CAGCTGCTCC' ACTCCGAACA ATCACTGCTG ACACTTTCCG 50 

CAAACTCTTC CGAGTCTIACT CCAATTTCCT CC 82 

(2) INFOBHATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 85 bases 
(D) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(Zi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CTCCGCGGAA AGCTGAAGCT TTACACAGGG GAGGCATGCA GGACAGGGGA 50 
CAGATGATGA CCAGGIGTIA CCTGGATCCT GAATT 85 



wo 94/25055 



-44- 



PCTAJS94/04755 



What is claimed is: 

1. An analog of hunmn erythropoietin which has an a 
from the group consisting of the sequences of Cys"^>]-human erythropoietin and [X33 
Cys^39^ des-Argl^]-human erythropoietin, v^crcin X33 is selected from the group consisting 
of the 20 naturally-occuning anuno adds. 

^2. An analog according to Claim 1 which is des-Arg^^. 

3. An analog aaording to Qaim 2 wherein X33 is Pro. 

4. An analog according to Claim 2 wherein X33 is Cys. 

5. A double-stranded DNA which comprises a segment of 498 nucleotides in a 
sequence which encodes an analog of hunm oythropoietin having an amino acid sequence 
selected from the group consisting of the sequences of PC33, Cysl39]-human erythropoietin or 
a segment of 495 nucleotides in a sequence which encodes an analog of hunian erythropoietin 
wWch has an amino add sequence sdected from the group consisting of the sequences of 
PC33, Cys^39^ des-Arg^^J-human erythropoietin, whorcin X33 is selected from Ac group 
consisting of the 20 naturaDy occurring animo adds. 

6. Adoublc-sarandedDNAacconiingtoClaim5whOTinX33isPro. 

7. Adouble-stiand6dDNAacconlingtoaaim5^eidnX33is^^ 

8. A double-stranded DN A according to Qaim 6 whcrdn the segment is of 498 
nucleotides. 



9. A double-stranded DNA according to Qaim 7 wherein the segment is of 498 
nudeotides. 
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1 0. A double-stranded DN A according to any one of Qaims 5-9 wherein die 
segment of 498 or 495 nucleotides is one of two, contiguous subsegments and the other 
subsegnient encodes a leader pq)tide of a mammalian prq)rocrythropoietin and is joined to the 
498-nucleoride or .495-nucleotide subscgment such that, in a polypeptide encoded by the 
contiguous subsegments, the carboxy-terminus of the leader pq}tide is adjacent die amino- 
terminus of the erdiyropoietin analog. 

11. A double-stranded DN A according to Claim 1 0 wherein the leader peptide . 
encoded by the leader-peptideencoding subsegment has the sequence Met Gly Val His Glu Cys 
Pro Ala Trp Leu Tip Leu Leu Leu Ser Leu X3 Ser Uu Pro Leu Gly Uu Pro Val Gly, 
whCTein is selected from the group consisting of Leu and Val, and X^ is sdected from Ac 
group consisting of Leu and Pro. 

12. A double-stranded DNA according to Qaim 1 1 wheiein X^ and arc each 

Leu. 

13. A double-stranded DNA according to Qaim 10 which is an expression vector 
for ejqjressing, in a mammalian cell in culture, a preproeiythropoietin analog having a sequence 
con^sting of the sequence of the leader pq)tide joined at its caiboxy tenmnas to the amino 
teniunus of die sequence of the analog of human crydiropoictin. 

14. A double-stranded DNA according to Claim llwMch is an «qHcsaon vectc^ 
for cjqircsMng, in a manunalian ccD in culture, a prqjTOcry^^ 

consisting of die sequence of die leader pq)tide joined at its carboxy terminus to die 
tenninus of die sequence of the analog of hunian ciythropoietin. 

15. A double-stranded DNA accbnfing to Claim 12 which is an ejq)ression vector 
for cjqjrcssing, in a manrunalian cell in culture, a picproeiydiropoielin analog having a sequence 
consisting of the sequence of die leader pq)tide joined at its carboxy tcnmniis to the amino 
teraunus of the sequoicc of the analog of human eiythropoietin. 

16. An expression vector according to Claim 15 which consists of 

S V2dhfrS VddtaSJneo widi. inserted at die Xbal site of diat vector opcraHy for expression rf a 
piqiroerydiropoietin analog, a double-stranded DNA wMch comprises a s^ 
encodes the prq)roeiythrqpoietin analog. 
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17. The expression vector SV2dhfrSVdcltaSJnco([Pro33, Cysl3^hEP0). 

18. The expression vector SV2dhfrSVdcltaSJncottCys"9]^^ 

1 9. A mamnialian ceU in culture which comprises an expiesdon veaor for 
expression, in said cell, of a DN A consisting of two contiguous segments which together 
encode a precursor polypeptide, said precursor polypeptide consisting of a leader peptide of a 
mammalian preproerythroj^oietin joined at its carboxy-temninus to the amino temiinus of an 
human erythropoietin analog, one of said segments encoding said leader peptide, the other of 
said segments having 498 base pairs and encoding said erythropoietin analog which analog has 
a sequence selected from the group consisting of the sequences of [X^^, Cys^^^-human 
erythropoietin, whoein X^^ is selected from the group consisting of the 20 naturally occurring 
amino acids. 

20. A mammalian cell according to Qaim 1 9 which is dhfr-, wherein the expression 
vector consists of SV2dhfrS VdeltaSJneo with, inserted at the Xbal site of that vector operably 
for expression of a preprooythropoietin, said DNA consisting of two contiguous segments. 

21. A mammalian cell according to Claim 20 ^ch is a Chinese hamster ovary cell, 
wherein the expresdon vector is selected from die group conasting <tf 
SV2dhfrSVdeltaSJneo([Pro33, Cys«9]hEP0) and Sy2dhfrSVdeltaSJneo([Cys*39]hEPO). 

21 A phaimaceoticalconrq^donusefd for inducing ei^^ 
(a) a dien9)eulically c£fecdve amount of an analog of human oydnropoietin which has an amino 
acid sequeiK:e selected from the group consisting of the sequences of PC^^, Cys^39 
des-Arg^^]-human erythropoietin, herein X33 is selected from the group consisting of the 20 
naturally-occoning amino acids, in combination with Q)) a phaimaceutically acceptable carrier. 

23. A pharmaceutical conqxisitionaca>n£ng^ 

24. A pharmaceutical conq)odtion according to Qaim 22 wherein is 



wo 94/25055 



PCTAJS94/047S5 



.47. , 

25. A phannaceutical compoation useful for treating anemia, comprising (a) a 
therapeutically effective amount of an analog of human erythropoietin which has an amino acid . 
sequence selected from the group consisting of the sequences of V0\ Cys^39, des- Argl66]- 
human erythropoietin, wherein X33 is selected from the group consisting of the 20 naturally- 
occurring amino acids, in combination with (b) a pharmaceutically acceptable carrier. 

26. A phannaceutical composition according to Qaim 25 wherein X33 is Pro. 

27. A pharmaceutical composition according to Qaim 25 whodn X^^ is Cys. 

28. A second analog of human erytfiropoietin, which has specific activity in 
oythropoiesis that is significantly greater than that of a first analog, which first analog has 
specific activity in erythropoiesis that is significantly less Aan that of native, human 
erythropoietin, ssud second analog having the same number and sequence of amino acids as 
native human erythropoietin except at a first and a second position in said sequence, where said 
second analog has amino acids that are different from those at the same positions in the 
sequence of native human erythropoietin, and said first analog having the same number and 
sequence of amino adds as sdd second analog excq}t at dther said fim or sai^ 

position, where the amino acid is die same as diat in die sequence of native human 
eiydirqpoietin. 

29. A second analog according to Qaim 28 which has erydiropoiedc activity dm^ 
substantially the same as or greater tiian that of native human eryduropoietin and for which die 
first analog has no or substantiaDy-icdaoed oythropdetic activi^. 

30. A process of making a second analog of erydiropoictin according to Claim 29, 
which process conprises die steps of: 

(a) preparing a library of eukaryotic expresdon vectors, each which conqinises 
qperably for expression in a mammalian cdl a cDN A which 0) encodes a double nrmtant of 
native human prqiroaythrqxnetin, (n) comprises die triplet coding for die amino add of a first 
analog of native human erythropdetin, which first analog has no or reduced erythropcnetic 
activity and has die same number of amino adds as native human erythropoietin but for one 
position in its sequence at wludi an amino acid differs from that at the conesponding position 
in native human erythropoietin, and (m) con^rises a random mutation in a segmoit v/tdch docs 
not code for any part of the leader peptide of the native prqirocrythropoietin and does not 
include said trq)let coding for said amino add of said first analog; 
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(b) transfecting the libraiy of expression vectors into manimalian cells for 

expression; and 

(c) selecting cells which secrete the second analog. 

31. A method of using a second analog according to Oaim 29 to make a third 
analog of erythropoietin which has greater in vivo erythropoietic activity than native human 
erythropoietin, which process comprises changing that amino add in the second analog, which 
is present in the first analog but not in native human erythropoietin, to the amino acid at the 
corresponding position in native human erythropoietin. 

32. A third analog of human erythropoietin which has die same number and 
sequence of amino acids as native human eiythropoietin but for a difference of one amino acid 
at one position in said sequence, which has greater eiythropoictic activity than native human 
erythropoietin, said analog made by a process according to Qaim 3 1 using a second analog 
according to Oaim 29. 
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